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Abstract 
Pediatric obesity remains a public health concern in the U.S.(Ogden, Carroll, Kit, & Flegal, 2012) 
and worldwide (De Onis, Blössner, & Borghi, 2010) due to its prevalence and association to chronic 
illnesses in adulthood. The substantial number of null findings in intervention programs that focus 
primarily on eating and physical activity factors suggest that a more comprehensive understanding of 
early obesity risk is needed. The enduring relationship between stress and weight gain has been 
considered a promising area to examine in order to better understand the development of pediatric 
obesity. The inclusion of both interpersonal stressors (i.e., insecure parent-child relationship) and parental 
stressors may be especially salient, especially because developmental research has documented 
associations between poor parenting quality, low self-regulation ability, and unhealthy eating behaviors. 
Furthermore, a few findings reveal that early attachment insecurity increases obesity risk in early 
childhood and adolescence, but mechanistic models of and mechanisms accounting for these associations 
remain poorly understood.  
In response, this study aimed to examine whether attachment and parental stress in early 
childhood predict adolescent obesity risk, and whether child self-regulation and food consumption in 
middle childhood mediate these associations. Employing structural equation modeling (SEM), two 
theory-driven models were examined using a large sample (N = 1,237; 599 boys and 638 girls, ranging in 
age from 6 months to 15 years) drawn from the National Institute of Child Health and Human 
Development Study of Early Child Care and Youth Development (1998). Attachment security was 
measured at 15, 24, 36 months using the Strange Situation Procedure (SSP) and Attachment Q-sort 
(AQS). Parental stress included a composite of maternal health, depression, and total life stress, which 
were measured across 36 months. Child self-regulation ability was assessed at 4.5 and 7 years of age by 
employing several observational and behavioral assessments including the snack delay task, parent-child 
interaction with challenging toys, and the Computer Performance Task (CPT). Healthy and unhealthy 
food consumption were obtained at age 11-12 from a self-report questionnaire. Height and weight 
measured in early/middle childhood and adolescence were used to compute BMI scores, and skinfold 
thickness was an additional anthropometric indicator of adolescent obesity risk. Income-to-needs ratio, 
maternal education, child’s negative temperament, and negative parenting practices assessed in early 
childhood were used as statistical controls in the analysis.  
Results revealed that both healthy and unhealthy food consumption models provided a good fit to 
the data (healthy model: χ2 = 122.610, df = 104, CFI = .994, RMSEA = .012 [.000 -.020] and unhealthy 
model: χ2 = 173.165, df = 117, CFI = .982, RMSEA = .020 [.013 -.026]). No direct associations between 
early attachment or parental stress and adolescent obesity risk were found in either model. However, child 
self-regulation was found to mediate the association between early attachment and both unhealthy food 
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consumption and adolescent obesity risk. Moreover, early BMI was indirectly related to BMI z-score and 
obesity risk at age 15 via BMI in middle childhood. The significance of the mediated paths was confirmed 
with 10,000 bootstrap samples. 
This is the first study to document, using longitudinal data, the mediating role of child self-
regulation in the associations between early attachment histories and subsequent dietary intake and 
obesity risk. The findings highlight how the nature of parent-child relationships impacts developing 
regulatory processes in children which, in turn, have implications for obesity-related outcomes. The 
discussion focuses on theory-driven explanations for these associations and implications for pediatric 
obesity prevention and intervention.  
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Chapter One: Introduction 
Significance and Purpose 
Pediatric obesity is considered an epidemic in many countries (Kosti & Panagiotakos, 2006; 
Wang & Beydoun, 2007; Wang, Mi, Shan, Wang, & Ge, 2007) and remains a public health concern in the 
United States (Ogden et al., 2012) and worldwide (De Onis et al., 2010). Although some reports (e.g., the 
National Health and Nutrition Examination Survey) indicate that the rise in overall childhood obesity is 
leveling off in developed countries (Ogden et al., 2012; Olds et al., 2011; Wabitsch, Moss, & Kromeyer-
Hauschild, 2014), the most recent report indicates a sharp increase in obesity prevalence from 2015 to 
2016 in 2-5 year-old children (Skinner, Ravanbakht, Skelton, Perrin, & Armstrong, 2018). These recent 
findings highlight an urgent need to document obesity risk factors in early childhood, especially because 
having an obese status in childhood strongly predicts obesity in adulthood and related chronic illnesses 
such as diabetes and metabolic syndrome (Birch, Perry, Penfold, Beynon, & Hamilton-Shield, 2016; 
Graziano, Calkins, & Keane, 2010; Han, Lawlor, & Kimm, 2010; Hruby et al., 2016). Responding to this 
health concern, researchers have extensively examined genetic, eating- and activity-related factors that 
may contribute to obesity outcomes. For instance, more than 80 genetic loci have been shown to correlate 
with BMI and measures of body fat distribution in genome-wide association studies (GWAS), and 
replication studies in diverse populations have confirmed many of these outcomes (Locke et al., 2015). In 
addition, empirical findings indicate that disordered eating patterns (Fiese & Bost, 2016; Krebs et al., 
2007), inadequate sleep duration (Anderson, Andridge, & Whitaker, 2016; Di Milia, Vandelanotte, & 
Duncan, 2013; Snell, Adam, & Duncan, 2007), sedentary behaviors (Owen, Healy, Matthews, & Dunstan, 
2010), and extensive media exposure (Lumeng, Appugliese, Cabral, Bradley, & Zuckerman, 2006; 
Thasanasuwan et al., 2016) increase the risk of having an overweight status.  
The above findings are important, but the substantial number of null findings of intervention 
programs that focus primarily on eating and physical activity or “energy in and energy out” suggest that a 
more comprehensive understanding of early obesity risk is needed (Guerra, Nobre, Silveira, & Taddei, 
2013). To address the complex nature of obesity, researchers have called for an ecological approach 
(Brofenbrenner, 1986) to uncover salient factors across child, family, community/neighborhood, and 
cultural levels of influence that confer risk for pediatric obesity (e.g., Harrison et al., 2011), and 
mechanisms through which factors across these levels affect obesity-related behavior. The present study 
represents a step in this direction by examining whether attachment and parental stress in early childhood 
predict adolescent obesity risk, and whether child self-regulation and (un)healthful food consumption in 
middle childhood mediate these associations.  
Developmental focus. Understanding mechanisms that may increase obesity risk from a 
developmental perspective is especially important because obesity tracks from childhood to adolescence 
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and into adulthood (Field, Cook, & Gillman, 2005; Francis & Susman, 2009; McCarthy et al., 2007; 
Nader et al., 2006; Whitaker, Wright, Pepe, Siedel, & Dietz, 1997). In one study investigating weight 
status in children from birth to 15 years of age using data from the National Institute of Child Health and 
Human Development (NICHD) Study of Early Child Care and Youth Development (hereafter referred to 
as the SECCYD), it was reported that 60% of children who were overweight during preschool years, and 
80% of children who were overweight during the elementary period were found to be overweight at age 
12 (Nader et al., 2006). McCarthy et al.’s (2007) study supports this notion by showing that rapid weight 
gain in childhood (ages 1 to 5 years) significantly predicts obesity status in adulthood. The early onset of 
obesity is a serious medical condition because comorbidities related to obesity become more severe when 
obesity is present over a long period of time (e.g., heart disease; Daniels, 2006). Further, a developmental 
approach is critical because many emergent risk behaviors affecting weight status are shaped during early 
childhood (e.g., appetite self-regulation, emotion eating) in the context of early family and parent-child 
relationships. Adopting a developmental perspective will increase our understanding of obesity risk 
factors across developmental periods and domains, and inform prevention and intervention efforts in the 
early years.  
Stress and obesity. One salient area of focus across development that shows promise in 
explaining enduring risk for obesity is the link between stress and weight gain (Block, He, Zaslavsky, 
Ding, & Ayanian, 2009; Dallman, 2010). Research on physiological responses to stress has shown that 
maintaining high stress levels and having exaggerated responses to stress disturb the normal development 
and function of interrelated physiologic systems (Lupien, McEwen, Gunnar, & Heim, 2009). The 
alteration of physiological systems, in turn, influences energy balance, body weight, and fat distribution 
(Dallman, 2010; McEwen, 2007; Warne, 2009). With regard to metabolic processes responding to stress, 
the stress system comprised of the Hypothalamic-Pituitary-Adrenal (HPA) axis and the 
arousal/sympathetic nervous system is activated when a stress level exceeds a certain threshold. The 
normal activation of stress system adaptively changes to physical and environmental conditions to 
maintain homeostasis. It has been revealed that the activation of sympathetic adrenal medullary with the 
release of catecholamines (adrenaline and noradrenaline) hormone occurs typically during the period of 
acute stress (short-term stress; Cohen, 2000) and is associated with suppression of appetite (Charmandari, 
Tsigos, & Chrousos, 2005). However, the experiences of chronic or repeated stress and/or intensive 
physical and emotional stress result in excessive and hyper- or hypo-functioning of stress response 
systems, especially the hyperactivity of HPA axis with the release of corticosteroids (cortisol) hormone 
(Pervanidou & Chrousos, 2016; Torres & Nowson, 2007). This dysregulation exacerbates somatic and 
psychological conditions that may lead to obesity, depression, anxiety disorder, and metabolic syndrome 
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(Pervanidou & Chrousos, 2012). In particular, the release of cortisol has been reported to stimulate 
appetite (Takeda et al., 2004). 
In addition, chronic stress is known to be associated with eating behavior (Hill, Moss, Sykes-
Muskett, Conner, & O'Connor, 2018; O'connor, Jones, Conner, McMillan, & Ferguson, 2008; Oliver, 
Wardle, & Gibson, 2000; Wallis & Hetherington, 2009). Studies have found that stress relates to increased 
consumption of between-meal snacks (Mikolajczyk, El Ansari, & Maxwell, 2009; O'connor et al., 2008), 
fewer breakfasts, higher fatty food intake, and reduced lower calorie high nutrient food intake like fruits 
and vegetables, even while statistically controlling for social (i.e., ethnicity, SES) and individual factors 
(i.e., sex and weight; Cartwright et al., 2003). Stress related to unhealthy eating behavior becomes 
detrimental in maintaining a healthy weight because it increases body adiposity primarily in the 
abdominal area (Per Björntorp, 2001; Per Björntorp & Rosmond, 2000) and heightens the risk of 
becoming overweight and obese (Berridge, Ho, Richard, & DiFeliceantonio, 2010). One systematic 
review on stress and eating behaviors in children and adolescents clarified that stress was not necessarily 
related to overall eating. Instead, the relations differed by age but not the type of stress measured, such 
that stress was positively associated with unhealthy food consumption for both younger (8-12 years old) 
and older children (13-18 years old) with a small effect size, but it was found to be negatively related to 
healthy food intake only for older children (Hill et al., 2018). By noting that the effect of stress on 
unhealthy eating may occur as early as age 8 or 9 years old, they highlighted the importance of studying 
indirect influences of stress on eating behavior among young children, which could provide further 
information for developing effective methods to reduce increasing levels of childhood obesity (Rokholm, 
Baker, & Sørensen, 2010; Wabitsch et al., 2014).  
Importantly, research has also shown that cumulative chronic stress and early negative 
experiences disrupt the development of affect/emotion regulation, which can elicit maladaptive coping 
strategies including emotional overeating (Evans & Kim, 2013; Evers, Stok, & de Ridder, 2010; 
Michopoulos et al., 2015; van Strien, Konttinen, Homberg, Engels, & Winkens, 2016). Dysregulated 
stress physiology has also shown to increase vulnerability to reward (i.e., dopamine) producing behaviors 
such as binge eating and drug use (Pani, Porcella, & Gessa, 2000). Childhood and adolescence are 
important developmental periods when brain structure and functions related to self-regulation are rapidly 
developing (Pervanidou & Chrousos, 2012). Therefore, when children are exposed to chronic stress and 
experience fluctuating stress system activation during these critical periods of life, their developing brain 
structure and functioning related to self-regulation can be altered, which may affect behaviors related to 
energy intake and subsequently food responsiveness (Pervanidou & Chrousos, 2012).  
Family and interpersonal stressors in early childhood predicting obesity. Previous research 
studying obesity and weight-related problems have examined several family-level stressors that can 
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adversely affect children. For instance, family financial strain (Kipke et al., 2007) and low parental 
education level (El-Behadli, Sharp, Hughes, Obasi, & Nicklas, 2015; Vereecken, Keukelier, & Maes, 
2004) have been considered crucial risk factors for children’s poor nutrition as well as dysregulation. 
Chronic maternal depression has also been linked to negative feeding practices (Haycraft, Farrow, & 
Blissett, 2013) and unhealthy child weight status (El-Behadli et al., 2015). Additionally, children of 
parents who report more health- and financial- related stressors and higher perceived parental stress have 
been found to be more likely to eat fast foods (Parks et al., 2012) than children of less-stressed parents in 
these domains. Webb and colleagues (2018) found that greater family stress capturing maternal life stress, 
poor health, financial and psychological distress is predictive of less increase of child fruit and vegetable 
intake and the negative effect of family stress on fruit intake was mediated by poor parent-child 
relationship quality (Webb, Zimmer‐Gembeck, Scuffham, Scott, & Barber, 2018). As such, family-level 
factors including parental stress, low family income and education in early life may serve as early 
stressors that increase adolescent obesity risk. 
The quality of parent-child relationships may also play an important role in the relations between 
stress and weight status because parents serve as primary socialization agents for young children and 
provide an interpersonal context through which early eating behaviors are developed. Chronic, low-
quality parenting has been viewed as an interpersonal stressor that may affect children’s eating habits and 
weight status. Garasky and colleagues (2009) highlighted this notion by showing that young children 
were more vulnerable than older children to parent-related risk factors for obesity, such as lack of 
emotional support and cognitive stimulation. Empirical findings also support the importance of parenting 
and home environment during early childhood because they can shape children’s early eating patterns 
(Bergmeier, Skouteris, Horwood, Hooley, & Richardson, 2014; Rhee, 2008; Skouteris et al., 2012) that 
track into adolescence and influence weight status (Parletta, Peters, Owen, Tsiros, & Brennan, 2012). 
Accordingly, within developmental literature, research examining early risk factors for obesity has 
focused on the quality of the parent-child relationship as particularly important for understanding how 
interpersonal and relationship processes affect eating and weight status. This focus becomes more 
important when considering that affect regulation, a significant factor linking stress to obesity, is greatly 
influenced by the early parent-children relationship (Anderson & Keim, 2016; Kochanska, Coy, & 
Murray, 2001; Kochanska, Philibert, & Barry, 2009; Weinfield, Sroufe, Egeland, & Carlson, 2008). 
Associations between parent-child relationship quality and child self-regulation have been 
addressed in the attachment framework. According to attachment theory, the quality of the parent-child 
relationship during the first few years of life, especially the parent’s responsiveness, is considered critical 
in the formation of close interpersonal relationships. Attachment theory describes individual differences 
in affect regulation and flexibility in dealing with stress as it relates to responsiveness and secure base 
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behaviors in the parent-child relationship (Belsky & Cassidy, 1994b; Bowlby, 1982; Diener et al., 2016). 
When exposed to physical and psychological threats, children show proximity-seeking behaviors and 
successfully alleviate distress under the responsive parenting condition. This experience helps children to 
co-construct a secure relationship with their caregivers (Bowlby, 1973, 1988) as well as to learn how to 
regulate negative emotions. On the other hand, children whose parents are generally unresponsive to 
signals and cues of distress lose opportunities to practice regulating their elevated negative emotions by 
using attachment figures as a secure base. Consequently, insecure children may develop maladaptive 
emotion regulation strategies such as suppressing or heightening negative emotions (Belsky & Cassidy, 
1994a, 1994b; Cassidy, 1994). 
There is some empirical evidence supporting the role of both the quality of early parent-child 
relationship and self-regulation in weight-related outcomes. Early attachment security (i.e., secure 
attachment and parental sensitivity; Anderson, Gooze, Lemeshow, & Whitaker, 2012;  Anderson & Keim, 
2016; Anderson & Whitaker, 2011) and greater self-control during childhood (i.e., delay of gratification; 
Aparicio, Canals, Arija, De Henauw, & Michels, 2016; Francis & Susman, 2009; Graziano et al., 2010; 
Schlam, Wilson, Shoda, Mischel, & Ayduk, 2013; Seeyave et al., 2009) have been associated with risk of 
obesity during late childhood and adolescence. Although these studies have profound implications for the 
research on pediatric and adolescent obesity, the empirical evidence addressing developmental 
mechanisms that underlie the relations between early attachment, self-regulation, and obesity risk across 
adolescence has been lacking. This study was designed to fill these empirical gaps and provide further 
information for effective intervention and prevention practice.  
Limitations of Previous Obesity Research and Overarching Research Questions 
Based on extant literature and theoretical accounts, examining whether parental stress and the 
quality of early parent-children relationships during early childhood confer risk for the development of 
obesity could provide important findings regarding malleable behaviors that could be early targets for 
effective intervention. Unfortunately, existing pediatric obesity research rarely examines these critical 
predictors simultaneously and has used limited methodologies. In particular, only a few studies have 
examined early attachment relationships as predictors of weight-related outcomes (Anderson et al., 2012; 
Anderson & Whitaker, 2011), and even fewer have adopted observational approaches to assess early 
attachment security or included multiple indicators of weight status. Importantly, the underlying 
mechanisms accounting for the relations between early relationships and stress factors and subsequent 
weight status remain minimally understood. Specifically, it has been theorized that both family and 
interpersonal factors influence obesity-related outcomes through their effects on self-regulatory processes 
and eating behaviors, but no longitudinal data have been used to examine the mediating roles of self-
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regulation and eating behaviors in the relations among early parental stress, attachment, and adolescent 
obesity risk (Fiese & Bost, 2016).  
To address these limitations and provide empirical findings that may inform early prevention, this 
study aimed to examine the influences of early attachment security and parental stress on weight status 
during middle adolescence via their effects on child self-regulation and eating behaviors. The following 
overarching research questions and hypotheses were addressed in the current study by using structural 
equation modeling (SEM) with longitudinal data from the NICHD-SECCYD (NICHD Early Child Care 
Research Network, 1998, 2005): 
 
Q1) Is early parental stress related children’s weight status at age 15, and is this association 
mediated by child self-regulation and/or child food consumption in middle childhood?  
H1) Children with mothers reporting higher mental and physical stress will have lower self-
regulation skills at 4.5 - 7 years, and will report eating more unhealthy foods and less healthy 
foods. These children, in turn, will be more likely to have higher weight status at 15 years of age. 
Q2) Is attachment security in early childhood predictive of adolescent obesity risk, and is this 
association mediated by child self-regulation and/or food consumption in middle childhood?  
H2) Children with more secure attachment histories across 15 to 36 months will have higher self-
regulation skills at 4.5 - 7 years, and will report eating more healthy and less unhealthy foods than 
more insecure children in early childhood. Higher self-regulation skills and healthier food 
consumption, in turn, will predict weight status at age 15. 
Q3) Does child self-regulation mediate the relation between early attachment and food 
consumption in early adolescence?  
H3) Early attachment security will predict greater self-regulation skills which, in turn, will 
predict child reports of more healthy and less unhealthy food consumption at age 13.  
 
The conceptual model representing these questions is depicted in Figure 1. In the following 
chapter, the theoretical and relevant empirical work serving as a framework for the above research 
questions and hypotheses will be reviewed. 
 
 
 
7 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A Conceptual Model Examining Mechanisms by which Early Attachment and 
Parental Stress Influence Obesity Risk in Adolescence through Self-regulation and (Un)Healthy 
Food Consumption 
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Chapter Two: Literature Review 
Obesity Research Incorporating an Ecological Model 
Ecological System Theory (Bronfenbrenner, 1979a) has been viewed as an appropriate framework 
to apply to obesity research, because obesity in children is associated with a complex set of factors that 
are derived from multiple contexts of development (Davison & Birch, 2001). Ecological Systems Theory 
posits that human development occurs within interactive and multiple contexts, and it is conceptualized as 
an outcome of evolving interactions between humans and the environment. From an ecological 
perspective, environments are divided into several systems, including micro-, meso-, exo-, macro-, and 
chronosystems. The critical term that defines a microsystem is the word “experienced.” The elements of a 
microsystem are constituted by factors that involve activities, roles, and interpersonal interactions that are 
experienced by the developing person in a given setting and with particular physical and material 
characteristics (Bronfenbrenner, 1979b, p. 22). A mesosystem, the next upper level, refers to the 
interrelationship among two or more settings in which the developing person actively participates. The 
next level is the exosystem, which has one or more settings in which the developing person is not actively 
involved or a participant, but it nevertheless influences the person in a particular setting. Macrosystem 
refers to consistencies of the form and content of lower-ordered-contexts (i.e., micro, meso, and exo 
system). Finally, Bronfenbrenner proposed the term “chronosystem,” which focuses on change or 
continuities over time in an environment where individuals are living (Bronfenbrenner, 1986). Life 
transitions (i.e., normative and non-normative transitions) are the simplest form of a chronosystem. Each 
context, no matter the extent to which it affects or is affected by individuals, serves an important function 
in forming an individual’s development. 
By applying an ecological framework to the study of obesity, researchers have been able to 
identify and elaborate on comprehensive obesity risks and protective factors surrounding individuals 
(Davison & Birch, 2001; Neumark-Sztainer, 2005; Tabacchi, Giammanco, La Guardia, & Giammanco, 
2007; Harrison et al., 2011). Approaches to differentiate risk factors and the developmental periods under 
study appear to vary. For instance, Neumark-Sztainer (2005) proposed multiple interacting risk factors for 
adolescent obesity at individual, familial, peer, school, community, and societal levels. This work 
provided a clear direction for parents regarding how to help their adolescent children with weight 
problems. However, this study exclusively focused on the adolescent period and does not aim to address 
obesity risk factors according to different developmental periods. Moreover, this study is limited by its 
broad-spectrum approach to eating and activity-related factors when explaining effects on adolescent 
obesity and does not emphasize interpersonal factors, such as the parent-child relationship, in the 
development of obesity.  
In contrast, Tabacchi et al. (2007) identified early contributors of childhood obesity at three 
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different developmental periods: fetal life, the first year of life, and after the first year of life. This 
research acknowledged that the development of childhood obesity is determined by several factors from 
multiple contexts, including genes, family, society, culture, religion, and race. This study also classified 
contributors of childhood obesity with regard to developmental periods, when they exert their influences, 
and according to nutritional and non-nutritional factors. The ways in which they classify the contributors 
to obesity help to document the critical period and salient influences on obesity. Such approaches also 
inform the crucial times when effective prevention needs to be administered. Notably, however, there was 
no consideration of the effects of interpersonal relationships on the development of pediatric and 
adolescent obesity.  
The “six Cs model,” introduced by Harrison et al. (2011), outlined risk factors for pediatric 
obesity at the genetic, child, clan, community, country, and culture levels. The study divided these factors 
according to the five distinct characteristics of the contributors (i.e., nutrition-related opportunities and 
resources, nutrition-related practices, activity-related practices, activity-related opportunities and 
resources, personal and relational attributes). Compared to other obesity research primarily focused on 
eating- and activity-related factors or on certain periods of age, this study added personal and relational 
attribution (e.g., self-regulation, parent/sibling relationships) to nutrition and activity-related factors. 
Additionally, it provided an ecological model that could be adapted from early childhood to adolescence. 
Among several factors in the personal and relational attribution zone, researchers emphasized the 
importance of global self-regulation as a protective factor against obesity by reporting that lower 
inhibitory control at three years old predicts rapid weight gain at age 12 (Francis & Susman, 2009). 
Importantly, they asserted the need to identify early risk factors for obesity by emphasizing empirical 
findings that adulthood obesity is predicted by rapid weight gain in childhood (from 1 to 5 years) 
(McCarthy et al., 2007). This study offers useful guidelines regarding significant early risk factors. Such 
factors include the parent-child relationship and self-regulation ability, which may inform our 
understanding of mechanisms related to the development of pediatric obesity. 
Parental Stress, Family SES, and Obesity 
Stress influences weight gain through its impacts on physiological reactions (Cohen, 2000), 
emotion dysregulation (van Strien et al., 2016), and unhealthy eating behaviors (i.e., emotional eating; 
Hill et al., 2018). The relation becomes more salient in pediatric obesity research, considering that self-
regulation abilities and eating habits, two impactful developments, are formed during early life and they 
render a stable course across development stages (Faber & Dubé, 2015; Raffaelli, Crockett, & Shen, 
2005). From an ecological point of view, stressors that young children may confront need to be studied in 
relation to the contexts where they derive. “Family level stress” warrants particular attention, especially in 
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pediatric obesity research, because family environments provide early exposures to food and socialization 
surrounding food and other health habits.  
Several studies have confirmed the importance of family related stressors on the development of 
childhood obesity. For instance, Garasky et al. (2009) examined six domains of family stressors (i.e., 
family disruption and conflict, mental and physical health problems, housing issues, healthcare struggles, 
financial strain, and lack of cognitive stimulation and emotional support) and found it to be positively 
related to child’s overweight and obesity. In addition, the findings indicated that the impact of each 
stressor on child weight problems varied by age group in that children aged 5 to 11 years tended to be 
overweight or obese when living with parents low on emotional support and cognitive stimulation. On the 
other hand, children aged 12 to 17 years who resided in a household with family members showing a 
prevalence of physical and mental health difficulties and with economic strain, were more likely to 
experience weight problems. The authors reasoned that the outcomes persist because younger children are 
more dependent on parents, compared to older children (Garasky et al, 2009).  
 Parental stress has also been studied as a contributor to childhood obesity (Garasky, Stewart, 
Gundersen, Lohman, & Eisenmann, 2009; Koch, Sepa, & Ludvigsson, 2008; Parks et al., 2012). For 
instance, a research study on parent stress and child obesity examined four domains of parental stress (i.e., 
serious life events, parenting stress, perceived social support, and parental worries). It found that the more 
different domains of stressors parents were subject to while children were two years old, the more likely 
children were to be obese at five years of age (Koch, Sepa, & Ludvigsson, 2008). Also, researchers found 
parental stress to be positively related to pediatric obesity risk factors, such as eating habits and TV 
viewing. In such instances, children whose mothers exhibited higher levels of parental stress or 
depression symptoms demonstrated higher television viewing times per day and higher levels of fast food 
consumption (Burdette, Whitaker, Kahn & Harvey-Berino, 2003; Conners, Tripathi, Clubb & Bradely, 
2007; Parks et al., 2012) compared to children with lower-stress mothers. In addition, parent stress levels 
have been shown to influence children’s development of self-regulation skills which are considered 
protective factors against obesity. For example, studies have found that parental stress predicts parental 
insensitivity or lack of autonomy support which subsequently disturbs self-regulation and executive-
function (impulse control) development (Bernier, Carlson, & Whipple, 2010). Thus, parental stress, 
especially during the early stages of their children’s development, may contribute to risk factors for child 
weight gain.  
In addition to stress, research has consistently linked maternal depression to child weight status 
(El-Behadli et al., 2015; Gross, Velazco, Briggs, & Racine, 2013). One study highlighted the influence of 
maternal depression on the relation between parenting style and child obesity by showing that depression 
moderates the relation between a general parenting style (i.e., permissive parenting) and child obesity. 
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Results revealed that children whose mothers had a permissive parenting style were more likely to be 
obese. Notably, this relation was significant only if the mother reported higher depression symptoms 
(Topham et al., 2010).  
It has been theorized that associations between maternal depression and child obesity can be 
understood by examining child self-regulation and eating behaviors serving as mediating mechanisms. 
With regard to self-regulation, studies have linked the presence of maternal depression with their own 
dysregulation of emotion (i.e., unskillfully controlled anger toward children). Such behavior, in turn, has a 
detrimental effect on the child’s emotion regulation (Davis, Glynn, Waffarn, & Sandman, 2011; Essex, 
Klein, Cho, & Kalin, 2002; Lupien, King, Meaney, & McEwen, 2000). In addition, parental insensitivity 
and low responsiveness characterizing depressed mothers are known detriments to the child’s 
development of self-regulation. Given that a close relation persists between emotion and eating 
(Saltzman, Pineros-Leano, Liechty, Bost, & Fiese, 2016), children with depressed mothers may exhibit 
poor emotion regulation capabilities, and may be more vulnerable to emotional overeating behaviors and 
overweight or obese status.  
Eating behaviors may also underlie the relation between maternal depression and child obesity. 
Maternal depression has been associated with parent feeding style, and adversely affects child eating 
behaviors (El-Behadli et al., 2015). Similar to Baumrind’s classification of general parenting, parent 
feeding styles are defined as overall attitudes or emotional climates that parents create during eating 
episode with children (Blissett, 2011; Mitchell, Brennan, Hayes, & Miles, 2009; Ventura & Birch, 2008). 
Dimensions that differentiate feeding styles include responsiveness and demandingness. “Responsive 
feeding style” refers to parents’ sensitivity toward children’s needs in eating environments. “Demanding 
feeding style” represents parents’ demands on children to eat. Studies have revealed that mothers who 
report greater depression symptoms exhibit less sensitive feeding styles and more-controlling behaviors 
over children’s eating practices than less depressed mothers (Hurley, Black, Papas, & Caufield, 2008). 
Compared to feeding styles, feeding practices refer to goal-oriented approaches that parents use. It 
focuses on how and what parents feed their children (Mitchell et al., 2009). Among several feeding 
practices that lead to negative consequences for child eating behaviors (i.e., eating promptly, certain food 
restrictions, food as reward, and modeling types), restrictions and pressures to eat have been found to be 
consistently related to increases in weight across multiple research studies (Clark, Goyder, Bissell, Blank, 
& Peters, 2007; Faith, Scanlon, Birch, Francis, & Sherry, 2004). Studies characterize the feeding practices 
of depressed mothers in relation to physical and verbal pressures and greater incentives in exchange for 
children’s eating (Haycraft, Farrow, & Blissett, 2013). Such behaviors are considered risk factors for poor 
eating habits and unhealthy weight gain.  
Maternal health could also be a potential stressor impacting child eating behaviors and weight 
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status. Previous research has addressed various aspects of maternal health including tobacco use, maternal 
obesity and/or weight status. In particular, maternal BMI has been widely used in predicting child health-
related outcomes. Warschburger and Kröller’s (2009) revealed how maternal weight status impacts 
perceptions of children’s weight status and feeding styles. Their experimental study presented mothers 
with pictures of silhouettes that depicted 5-to 6-year old boys and girls and asked them to classify the 
obese children in the pictures. Results showed that misclassification of their own children’s weight status 
was predicted by the mother’s and her child’s weight status, while their general ability to discern the 
weight status of other children was influenced by maternal education years. The odds of mismatching 
their children’s silhouette were higher for overweight mothers than mothers at healthy weights. This study 
suggested a possible mediation relation. Namely, the mother’s weight status distorted her perception of 
her own child’s body image. The misperception, in turn, may lead to inappropriate feeding practices and 
food choices. Additionally, the mother’s general physical health condition influenced the child’s weight 
gain. Anderson and Whitaker (2011) demonstrated maternal health status rated on a 3-scale (i.e., poor, 
good, excellent) at 9 months predicted the odds of being obese at 4.5 years (Anderson & Whitaker, 2011). 
Further, mothers with poor physical health have been shown to have poorer psychological health and 
stress management strategies (Schneiderman, Ironson, & Siegel, 2005), and these conditions tend to 
adversely affect children’s ability to regulate emotion and eating behaviors (Park et al., 2012; Webb et al., 
2018).  
In addition to parental psychological and physical stressors, family SES (e.g., family income, 
parent education) has been given close attention by obesity researchers. The enduring effects of SES 
status on obesity risk have been supported in a number of studies. For instance, one study found that 
family income and parental education at early age (i.e., birth and 7 years of age) were predictive of adult 
obesity at age 32 (Power, Manor, & Matthews, 2003). According to Evans and Kim (2013), the highest 
rates of obesity were observed among population groups with highest poverty rates. Researchers pointed 
out that low income children had higher hypothalamic pituitary adrenal axis (HPA) activity (e.g., 
dysregulated cortisol), more dysregulated metabolic activity (e.g., elevated adiposity), and elevated basal 
cortisol levels from 7 months through age 4 (Blair, Raver, Granger, Mills-Koonce, & Hibel, 2011; Evan & 
Kim, 2013). These contribute to increased risk for obesity-related outcomes. Moreover, studies revealed 
that children living in high poverty households had multiple self-regulation deficits. For instance, parents 
and teachers rated them as having less self-control that is associated with attentional-control problems and 
weaker inhibitory-control mechanisms (Blair, 2010; Blair & Raver, 2012; Evans and Kim, 2013; Evans et 
al.,2005; Hackman, Farah, & Meaney, 2010). According to Kipke et al. (2007), children living in high 
poverty neighborhoods can easily access fast food, but they have limited access to both healthy food 
options and parks for physical activity. In addition, Drewnowski and colleagues found that low-income 
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families seek energy-dense foods, since these types of foods typically cost less than healthy foods 
(Drewnowski, 2009; Drewnowski & Specter, 2004). As such, studies suggest that obstacles to eating 
healthy food and poor self-regulation skills are mediating factors in the relations between poverty and 
overweight. Due to significant effects of poverty on obesity, researchers who examine other possible 
obesity risk factors dealt with poverty as a confounding factor in statistical analysis (e.g., Anderson, 
Lemeshow, & Whitaker, 2014)  
Researchers have examined lower parental education as another SES indicator contributing to 
obesity risk. Research findings have shown that mothers with a high level of education more accurately 
perceived their children’s weight status and are more aware of the health problems associated with 
overweight and obesity (Warschburger & Kröller, 2009). These parents also expressed less tendency to 
prompt their children to eat novel foods (i.e., salty and sweet unfamiliar foods), compared to mothers with 
lower education levels (Lamerz et al., 2005). In addition, one study examined which socio-economic 
factor holds greater influence on child weight status by investigating 1,972 German parent-child dyads. 
The study found that years of maternal education was the only SES factor significantly associated with 
pediatric obesity, after adjustment for other SES factors such as parental employment, marital status, 
living status per person, gender, and parent’s BMI. Children whose mothers do not have a school degree 
were almost three times more likely to experience obesity than those whose mothers had 13 years of 
education (adjusted odds = 2.86). In addition, this study revealed that the educational level of fathers and 
type of maternal employment (i.e., self-employed) remained significant factors associated with obesity, 
after controlling for hours of work, occupation, and family net income (Lamerz et al., 2005).  
Given that parent’s education indicated a unique influence, regardless of family income, this 
study examined the independent impacts of family income and mother’s education on the development of 
obesity and used them as statistical controls. Moreover, to expand previous research findings on the 
impact of stress on obesity risk, a stress-related risk variable was constructed by combining three types of 
potential parental stressors including maternal total life stress, depression, and physical health conditions. 
Moreover, self-regulation and eating behaviors were examined as mediators in the association between 
parental stress and obesity at middle adolescence. 
Overview of Attachment Theory 
A growing body of literature provides theoretical rationales emphasizing the relevance of 
applying attachment theory to health-related research (Bost et al., 2014; Diener et al., 2016; Huntsinger & 
Luecken, 2004; Pietromonaco et al, 2013). Attachment theory emphasizes the importance of emotional 
bonds between a child and his/her primary caregiver, which is established during an early period of life. 
Substantive literature has demonstrated that parent-child relationships during the first few years of life are 
predictive of subsequent socio-emotional and personality outcomes in the short and long term. Bowlby 
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(1969) argued that children are born with attachment behaviors aimed at seeking and maintaining an 
attachment bond with a supportive figure (attachment figure). Attachment security is established through 
several systems (i.e., attachment behaviors, caregiving, and exploration systems), which work by 
responding to contexts. For example, when a child is exposed to danger or threat, attachment behaviors 
(i.e., crying, approaching, and clinging) are activated to regain proximity to his/her parent. Consequently, 
a caregiving system is triggered, providing the frightened child with comfort and reassurance. When the 
comfort-providing function of caregiving system operates successfully, attachment behaviors are 
terminated. Instead, exploratory system is activated and promotes children return to exploration (Drake, 
Belsky, & Fearon, 2014; Waters & Cummings, 2000). The attachment system is thus viewed as regulatory 
system, turning on when children feel threatened and turning off when they perceive safety. The dynamic 
interplay of attachment and exploration gives a rise a term of “secure base.” Secure attachment 
relationships that consistently provide a haven of safety when a child is distressed promote the 
development of autonomy and the separation-individualization process (Matas, Arend, & Sroufe, 1978; 
West, Mathews, & Kerns, 2013). Research evidence has confirmed this notion by showing that securely 
attached infants have greater engagement in play with a novel toy when they become 30-month-old 
toddlers compared to insecure infants (Hazen & Durrett, 1982; Riksen-Walraven, Meij, van Roozendaal, 
& Koks, 1993). 
According to attachment theory, a parent’s history of responses to a child’s distress signal at an 
early age determines the development of attachment patterns. In particular, children’s experiences and 
expectations with regard to the availability of caregivers are considered as significant contributors to 
individual differences in attachment (Ainsworth, Blehar, Waters, & Wall, 1978; Weinfield, Sroufe, 
Egeland, & Carlson, 2008). Security in attachment relationships indicates that an infant is confident in the 
sensitive and responsive availability of their caregivers, and he/she relies on the caregiver as an available 
source of comfort and protection when distressed. In contrast, infants with insecure attachment 
relationships have not experienced repeated availability of and comfort from their caregiver when the 
environment proved threatening. It has been found that a caregiver’s insensitivity significantly predicts 
later insecure attachment behaviors of children (Weinfield et al., 2008). 
Numerous researchers have asserted that a secure attachment relationship serves as a context in 
which young children develop regulatory functioning. Under responsive parenting conditions, children 
protect themselves from physical harm and learn how to regulate negative emotions (Bowlby, 1973; 
Mikulincer & Shaver, 2007; Pietromonaco et al., 2013). Bowlby (1988) viewed children’s proximity-
seeking behaviors as an inborn affect-regulation device that is designed to protect them from physical and 
psychological threats as well as alleviate distress. With repeated experiences of sensitive and supportive 
caregiving, children become less immediately dependent on physical presence of parents, and instead 
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gradually internalize the successful experience of attachment relationship with parent so that they can 
cognitively represent a parent figure in the absence of parent and generalize it across context and time 
(e.g., nursery, school; Arend, Gove, & Sroufe, 1979; Sroufe, 1988; Suess, Grossmann, & Sroufe, 1992). 
The more children explore environment under the secure attachment histories and experience the process 
of its generalization, the more opportunities they have to take initiatives, cope with challenges 
independently, and develop their ability to regulate their emotions (Riksen-Walraven et al., 1993). In 
particular, secure infants, whose parents have responded to their children’s emotional cues in a sensitive 
way, can express both positive and negative emotions appropriately by not suppressing or heightening 
their emotions (Cassidy, 1994). Insecure-avoidant children, in contrast, tend to suppress and over-regulate 
their negative emotions due to parental rejection of the child’s expression of a negative emotion (Cassidy, 
1994). Further, insecure-ambivalent children show under-regulated emotion, since their parents have 
shown inconsistent responses to the child’s distress (Isabella & Belsky, 1991). As such, attachment 
security is inextricably connected to affect regulation. 
The developmental science literature is replete with empirical evidence showing that early parent-
child attachment relationships play a key role in distinct aspects of children’s self-regulation. For 
instance, 24-month-old children who have been rated as secure in the Strange Situation Procedure (SSP) 
were more likely to engage in challenging tasks enthusiastically and spend more time on-task, and less 
likely to be frustrated emotionally (Matas et al., 1978). A number of studies also confirmed the relation by 
showing that attachment security has been found to be associated with the use of constructive types of 
coping such as support seeking and lower avoidant and aggressive coping (Kerns, Abraham, 
Schlegelmilch, & Morgan, 2007; Zimmermann & Iwanski, 2015). A recent meta-analysis examining the 
magnitude of the relation between attachment and effortful control/top-down self-regulation with children 
aged up to 18 years found that attachment significantly related to effortful controls (e.g., attention 
focusing, inhibition)(n = 100, r = .20; Pallini et al., 2018). Secure infants showed greater capability to 
delay gratification that is considered as one dimension of effortful control (Gilliom, Shaw, Beck, 
Schonberg, & Lukon, 2002). They also show lower impulsivity in Computer Performance Task (CPT) 
testing whether children can withhold a response to more frequently appearing non-target stimuli on 
computer screen over less frequently occurring target (Pasco Fearon & Belsky, 2004). Young children’s 
attachment security at 15 and 36 months predicted intercepts and slops of child’s ability to regulate affect 
and behavior in social context from grade 1 to 5 (Drake et al., 2014). In addition, securely attached 
children were less likely to show externalizing and internalizing problems that are often defined by lack 
of self-regulation skills (Calkins & Leerkes, 2004). On the other hand, meta-analysis has supported the 
claim that early attachment insecurity relates to the enhanced risk of externalizing and internalizing 
symptoms with a significantly greater association with externalizing than internalizing problems (Fearon, 
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Bakermans-Kranenburg, Van IJzendoorn, Lapsley, & Roisman, 2010; Groh, Roisman, van IJzendoorn, 
Bakermans-Kranenburg, & Fearon, 2012). Within the attachment insecurity types, ambivalent-anxious 
children have been found to be more likely to show externalizing problems, while avoidant status 
predicted internalizing problems (Groh et al., 2014). Given that self-regulation is developing, in part, in 
the context of an attachment relationship and that self-regulation is a significant risk factor for the 
development of obesity (Dempsey, Dyehouse, & Schafer, 2011; Francis & Susman, 2009; Graziano et al., 
2010; Seeyave et al., 2009; Tsukayama, Toomey, Faith, & Duckworth, 2010), attachment may serve as a 
framework for examining some of the mechanisms that may account for the relations between early 
interpersonal experiences and obesity risk.  
Early Attachment and Pediatric/Adolescent Obesity 
Few studies exist that examine early attachment and later obesity outcomes. For instance, 
Anderson and Whitaker’s (2011) longitudinal study examined the impact of early attachment styles on 
Body Mass Index (BMI), demonstrating that insecure children, measured by modified version of AQS at 
24 months are more likely to be obese at 4.5 years of age. The relation between early attachment security 
and obesity prevalence remained after controlling for confounding factors, such as parenting practice, 
maternal health, socio-economic status (SES), and interactions between a parent and child. In the 
subsequent year, Anderson and colleagues (2012) revealed that the quality of early parent-child 
relationships predicts subsequent BMI in adolescence. As such, adolescent obesity was significantly 
higher among children who received less maternal sensitivity and were rated as insecure more often 
across three attachment assessments (i.e., strange situation and attachment Q-sort: AQS). This research 
recognized the enduring effect of early interpersonal relationships on obesity across adolescence.  
There are other research studies investigating the impact of attachment, measured later than early 
childhood, on obesity and disordered eating behaviors with a short-term longitudinal and cross-sectional 
design. One study examined preadolescents’ self-reports on attachment to mother and father figures as 
predicting children’s eating etiology and BMI one year later (Goossens, Braet, Van Durme, Decaluwé, & 
Bosmans, 2012). Results showed that children who were insecurely attached to their mothers had 
significant increases in dietary restraint, eating concerns, weight concerns, shape concerns, and BMI 1 
year later. By comparison, attachment to the father influenced persistence in children’s subjective binge 
eating. This result remained consistent with baseline eating behaviors and BMI controlled.  
A cross-sectional study investigated 202 obese students aged 9 to 13 years to examine whether 
attachment toward parents and peers predicted the self-efficacy of eating control and obesity (i.e., BMI). 
Also, it considered whether associations were mediated by impulsivity and general self-control ability 
(Bahrami, Kelishadi, Jafari, Kaveh, & Isanejad, 2013). Findings from structural equation modeling 
indicated no direct relation between attachment and obesity, but found that the relation was mediated by 
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the efficiency of eating control. In addition, attachment influenced the efficacy of eating control indirectly 
through impulsivity and self-control. Moreover, Maras and colleagues (2016) found that insecure 
attachment style, self-reported by 7th to 12th grade students, was associated with higher BMI z-scores, 
compared securely attached children. Also, it showed that the relation was mediated by restricted eating 
behaviors, such that insecure attachment is positively associated with restricted eating, leading to a higher 
BMI-z scores. Notably, Milan and Acker (2014) found a moderating role of early attachment in the 
relation between BMI and Disordered Eating Attitudes and Behaviors (DEAB). Higher BMI status, 
reported in girls at age 15, predicted their Disordered Eating Attitudes and Behaviors (DEAB) at the same 
period of age, but this relation was significant only when the girls were insecurely attached to their 
mothers at 36 months. In addition, their concurrent preoccupied-relationship style, which is theorized to 
be influenced by early attachment security, mediated relations between other eating disorder risk factors 
(i.e., maternal negative affect and pubertal weight gain) and disordered eating at 15 years of age.  
Overall, a systematic review synthesized and compared empirical research on the association 
between attachment quality and obesity with adults and children. It found that the association with 
children was negative. However, its overall association was small and fell in short of statistical 
significance when compared to the association found in adulthood (Diener et al., 2016). In addition, there 
were differences in the degree of the association for children, while it was not as heterogeneous across 
studies for adults.  
The complexity surrounding the relation between attachment and obesity warrants careful 
attention to the developmental mechanisms by which early secure attachment influences obesity in late 
adolescence. The next section will discuss the roles of self-regulation and eating behaviors in linking 
early attachment and obesity risk in adolescence.  
Self-regulation, Attachment, and Weight Status  
Given increasing evidence documenting that stress responses influence weight gain, self-
regulation has recently received a great deal of attention in the obesity literature (Johnson, Pratt, & 
Wardle, 2012; Williams & Ricciardelli, 2000; Wills, Isasi, Mendoza, & Ainette, 2007). Substantive 
studies have provided theoretical discussions on the role of self-regulation as a possible mediator linking 
attachment and obesity. However, only few studies have examined possible mechanisms underlying the 
relation between attachment and obesity by using limited aspects of self-regulation for older children or 
pre-adolescent (e.g., eating self-efficacy and disinhibit eating; Bahrami et al., 2013; Maras et al., 2016). 
To date, no study has been conducted to test self-regulation as a possible mechanism that has used 
multiple measures of self-regulation of young children with validated questionnaires and observational 
methods. 
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Self-regulation is a complex and multidimensional construct that encompasses emotional, 
behavioral, and attentional processes for self-control, and becomes more sophisticated and integrated 
through development (Bernier, Carlson, Deschênes, & Matte-Gagné, 2012; Calkins, 2007; Graziano et al., 
2010). Kopp (1982) defined self-regulation as initiating and ceasing activities according to situational 
demands, delaying acts upon a desired object or goal, or generating socially appropriate behavior without 
external involvement. Self-regulation skills include attention focusing, delay of gratification, planning, 
persistence, and impulse control (Birmingham, Bub, & Vaughn, 2017). Within a temperament system 
framework, self-regulation in the domains of affect, activity, and attention is viewed as one of the 
components, along with reactivity (i.e., autonomic responses), that differentiates one’s temperament 
(Rothbart & Derryberry, 1981). Temperamental reactivity refers to physiological responses to 
environmental features (e.g., external and internal changes), and it is measured by latency, duration and 
intensity of emotion, orienting, and motor reaction (Rothbart, Sheese, Rueda, & Posner, 2011). Self-
regulation refers to processes that serve to modulate reactivity, especially processes of executive attention 
and effortful control (Rothbart & Bate, 2006). In particular, executive attention functions as the 
deployment of attention in the service of longer-term goals, as well as planning and persistence in the face 
of distraction (Rothbart & Jones, 1998; Ruff & Rothbart, 2001). Studies view that executive attention 
supports effortful control, the ability to voluntarily regulate behavior and attention, as seen in the 
inhibition of a dominant response to activate a sub-dominant response (Rothbart & Rueda, 2005; 
Rothbart, Sheese, Rueda, & Posner, 2011). 
With regard to the stability and change in self-regulation from childhood to adolescence, it has 
been found that self-regulation ability develops significantly from early childhood to middle childhood 
(Bronson, 2000a, 2000b; Kopp, 1982; Raffaelli et al., 2005). For instance, one study examining the 
development of inhibitory control with 731 young children aged 2 to 4 revealed a significant increase in 
their ability of inhibitory control during the period and found that poor quality of parenting predicted a 
lower initial level of inhibitory control (Moilanen, Shaw, Dishion, Gardner, & Wilson, 2010). 
Additionally, levels of self-regulation skills at 4 or 5 years of age were significantly increased into middle 
childhood (age 8 or 9), but no significant increase was found between middle childhood to adolescence 
(age 11 or 12) (Raffaelli et al., 2005). However, studies have documented that capacities to regulate 
continue to develop into the second decade of life because cognitive ability that has been linked to 
effective adult self-regulation (i.e., long-term planning, and goal setting) does not fully mature until later 
childhood and adolescence (Demetriou, 2000; Raffaelli et al., 2005). This notion was supported by 
several studies showing that lower levels of executive functions including working memory, inhibitory 
control, and cognitive flexibility serve as building blocks of more complex self-regulation strategies and 
contributed to higher level executive functions (i.e., reasoning, problem solving, planning; Eisenberg, 
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2017; Diamond, 2013). Research has also found that several dimensions of self-regulation have different 
development trajectories, such that inhibitory control and attention-shifting increase across age 4 to age 
10, and impulsivity decreases. Further, behavioral regulation and attention focusing tend to change very 
little during this period (Murphy, Eisenberg, Fabes, Shepard, & Guthrie, 1999). In addition, it is important 
to note that individual differences in self-regulation tend to be relatively stable over time, especially after 
middle childhood, when self-regulatory processes are more well-established. Young children, who are 
high in self-regulatory capacities relative to their peers, continue to show comparatively high levels of 
self-regulation during middle childhood and adolescence. For instance, the ability to delay gratification at 
age 4 has been found to predict children’s functioning in self-regulation more than 10 years later, 
including resistance to temptation and coping (Mischel, Shoda, & Peake, 1988). Moffitt et al., (2011, 
2012) also supported this finding by following 1,000 children for 32 years. They showed that children 
with better inhibitory control at 3 to 11 years of age, (e.g., lower impulsivity, greater persistency, fewer 
distraction, better at waiting their turn) tend to still be in school and are less likely to be involved in risky 
behaviors during adolescence, and have better psychosocial and physical health (e.g., being less likely to 
be overweight and have high blood pressure) when they become age 30, even after adjusting for IQ, 
social class, gender, early family circumstance (Diamond, 2013). 
Obesity researchers have examined self-regulation skills mostly in the context of eating (e.g., self-
regulation of energy intake) (Fisher & Birch, 2002; Frankel et al., 2012; Frankel, Powell, & Jansen, 2018; 
Johnson & Birch, 1994; Lipps & Deysher, 1986). However, the generalization of global self-regulation of 
young children to the regulation of energy intake has not been fully examined. Graziano et al. (2010) 
highlight the fact that general self-regulation skills, other than eating and food contexts, are also 
significant contributors to obesity in childhood by using three self-regulation assessments (i.e., emotion 
regulation, delay gratification, and sustained attention). Findings indicated that toddlers with higher 
emotion regulation skills were less likely to show an increase in BMI from age 2 to 5. Also, those with 
lower emotion regulation and poorer inhibitory control at 2 years tended to be classified as overweight or 
at-risk at 5 years of age. However, sustained attention was not significantly associated with BMI increase 
and obesity. According to one study describing the evidence linking early attachment, self-regulation of 
young children (< 6 years of age), and future obesity risk (Anderson & Keim, 2016), this study only 
investigated sustained attention by measuring how long a child watches the 5-minute-long cartoon video. 
It may be untapped area in the obesity research regarding how multiple assessments of self-regulation are 
differentially related to obesity-related outcomes.   
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Self-regulation as a Mediator of the Relation between Early Attachment and Adolescent Obesity 
Risk  
Developmental and psychological literature suggest that there are multiple components of self-
regulation, two of which are inhibitory control and sustained attention. Inhibitory control (i.e., response 
inhibition/inhibition of behavior) and sustained attention (i.e., inhibition of attention) are two constructs 
that are related to self-regulation, which requires cognitive control. Factor analytic results have indicated 
that behavioral inhibition (e.g., resisting predominant responses) and attentional inhibition (e.g., resisting 
distractor interference) are highly associated and have a single underlying factor (Diamond, 2013; 
Friedman & Miyake, 2004). Especially, the role of attentional control has been understudied in obesity 
research as it relates to impulsivity. Impulsivity has been regarded as a risk factor for the onset of eating 
disorder behavior (Wonderlich, Connolly, & Stice, 2004), and it is associated with binge eating and eating 
disorders in adult samples (Claes, Nederkoorn, Vandereycken, Guerrieri, & Vertommen, 2006). Data 
have shown that lower behavioral inhibition is more prevalent among overweight children (Claes et al., 
2006), and that children with attention deficit hyperactive disorder (ADHD) have been shown to have 
higher BMI status (Holtkamp et al., 2004).  
Inhibitory control refers to an ability to suppress the most salient, but irrelevant, responses when 
aiming for another goal. In particular, this definition is directly relevant to dietary restraining behaviors 
whereby attempts are made to suppress immediate impulses to eat in pursuit of long-term weight goals 
(Johnson et al., 2012). Given inhibition as one component of executive functions (EFs) considering the 
ability to suppress the content of thought, the way of behaviors, and/or emotions to achieve a cognitively 
represented goal as important parts (Diamond, 2013), cognitive functioning has been given attention as 
one of the protective factors against being overweight and obese. 
Research findings provide empirical evidence documenting significant associations between 
inhibitory control, attachment and obesity. Securely attached children have been shown to have stronger 
inhibitory control abilities than those with insecure histories (Bernier et al., 2010; Calkins & Fox, 1992; 
Nordling, Boldt, O'bleness, & Kochanska, 2016; Viddal et al., 2015). With regard to its effect on the 
development of obesity, researchers have shown that children with lower inhibitory control during 
childhood are more likely to show rapid weight gain in adolescence compared to children showing 
inhibitory control at a high level (Francis & Susman, 2009; Seeyave et al., 2009; Tsukayama, Toomey, 
Faith, & Duckworth, 2010). Overall, inhibitory control is expected to play a mediational role in the 
relation between early attachment and adolescent obesity.  
Sustained attention is defined as an ability to maintain one’s focus on a particular stimulus and is 
considered to play an important role in interference control in executive function. It has been revealed that 
a child’s sustained attention can be predicted by early attachment security and parent’s sensitivity 
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(Graziano, Calkins, & Keane, 2011). However, research on the relations between attention deficit and 
obesity has revealed mixed results, such that Cserjési and her colleague found that obese children at 12 
years of age show poor performance in attention endurance tasks compared to non-obese children 
(Cserjési, Molnár, Luminet, & Lénárd, 2007). Notably, Graziano et al (2010) did not find a significant 
relation between sustained attention of 2-year-old children and obesity at age 5.5 (Graziano et al., 2010). 
The inconsistency of results across studies and lack of focus on sustain attention as a predictor of obesity 
require a closer look at sustained attention, as one indicator of self-regulation, and its role in the early 
attachment and adolescent obesity link.  
In addition to sustained attention, persistence refers to child’s engagement in challenging and 
frustrating activities, and has been considered one feature of self-regulation and widely used to examine 
relations between early attachment and later developmental outcomes (Drake et al., 2014). The meta-
analysis by Pallini et al (2018) found that attachment security is significantly associated with several 
constructs of effortful self-regulation including persistence. Previous studies revealed that 24-month-old 
children classified as secure in the Strange Situation Procedure showed greater enthusiasm as playing 
with challenging exploratory tasks, had longer on-task times, and were less likely to be emotionally 
frustrated (Matas et al., 1978). More recent studies have supported this relation by showing that 
attachment security relates to persistence in working at problem-solving tasks (Pallini et al., 2018; West et 
al., 2013). In addition, one study using the NICHD-SECCYD dataset found that ambivalent attachment at 
36 months negatively predicted task engagement (i.e., persistence) shown in the parent-child interaction 
from 54 months to fifth grade, but not the engagement and exploration that was teacher rated 
(McCormick, O’Connor, & Barnes, 2016). Compared to a number of studies on the influences of parent-
child relationship on child’s persistence, however, no evidence exists in the literature linking child 
persistence and weight status. The study of young children’s self-regulation as a predictor of weight status 
has most commonly examined the ability to delay gratification in the food context (i.e., snack delay). 
Moreover, the association between self-regulation ability and obesity has been rarely examined in the 
context of early attachment relationships and investigating mechanisms have been missing. Therefore, the 
present study constructed a comprehensive overarching self-regulation construct that included inhibitory 
control, sustained attention, and persistence as indicators, and examined the role of self-regulation in the 
relation between attachment security in early childhood and adolescent obesity risk.  
Food Consumption Meditating Relation between Early Attachment and Adolescent Obesity Risk  
Eating behaviors are a strong predictor of weight status. Researchers have emphasized that eating 
behaviors and dietary preferences develop as function of the interplay among environmental factors and 
genetic predispositions. For example, maternal food intake during pregnancy can affect child food 
preference because amniotic fluid may contain food flavors. Research has found that amniotic fluids of 
22 
 
mothers who ate garlic tasted different from those who did not intake garlic (Cooke & Fildes, 2011). 
Because the fetus frequently absorbs amniotic fluid, it may become exposed to diverse flavors of foods 
even before birth. It may serve as an early environment feature in which to foster healthy food preferences 
and improve long term dietary outcomes (Cooke & Fildes, 2011). In addition, infants are born with 
predisposed preferences for basic tastes. Babies prefer sugary and salty tastes, rejecting bitter and sour 
tastes (Birch, 1999; Ventura & Worobey, 2013). Two ingredients that young children are most likely to 
eat are “sugar and fat.” Children are predisposed to be neophobic or reluctant to eat new foods and readily 
form preferences for flavors related to energy-dense foods (Birch, 1999; Harris, 2008). Example 
representative energy-dense foods include bananas, apples, potatoes, and peas. Such foods are preferred 
among young children (Birch & Fisher, 1998).  
Early eating behaviors are important because dietary habits established early in life are difficult to 
change and serve as foundations for healthy eating habits (Faber & Dubé, 2015). It has been found that 
aspects of eating behaviors measured by the Child Eating Behaviour Questionnaire (CEBQ) at age 4 
showed strong continuity throughout childhood by age 11 (Ashcroft, Semmler, Carnell, Van Jaarsveld, & 
Wardle, 2008). The magnitude of the continuity in eating behaviors observed in their study was 
comparable to the continuity of temperamental characteristics over development (Roberts & DelVecchio, 
2000), which are widely regarded as stable traits (Fraley & Rober, 2005). Researchers regard the first year 
of life as a critical period in the development of eating patterns because at this stage infants experience 
great transitions in dietary types, from exclusive milk to modified adult foods (Savage, Fisher, & Birch, 
2007). Also, children can show emotional eating at early ages (van Strien & Bazelier, 2007), and it 
increases and remains considerably stable between 4 and 11 years of age (Ashcroft, Semmler, Carnell, 
Van Jaarsveld, & Wardle, 2008). Given the modern obesogenic environment, in which unhealthy foods 
are plentiful, easily accessible, and inexpensive, children can easily develop eating patterns that are 
unhealthful. Indeed, such environments are likely to disrupt healthy eating habits during early life. 
Therefore, parental roles, creating healthy eating environments from early in life, become particularly 
important.  
Parents play a key role in formation and modification of the eating habits of children (Tabacchi, 
Giammanco, La Guardia, & Giammanco, 2007). Lu and colleagues (2013) highlighted primary caregivers 
and food during the first few years of development as the most central objects of life. Previous research 
identified early parent-related predictors of subsequent eating behaviors. These include whether the child 
was breast-fed or bottle-fed, the availability and accessibility of healthy foods (i.e., fruit and vegetables), 
parent feeding practices (i.e., promote or restriction of foods), and the presence of modeling with parents 
(Birch & Fisher, 1998; Blissett, 2011; Field et al., 2003; Stice, Cameron, Killen, Hayward, & Taylor, 
1999; Stice, Presnell, Shaw, & Rohde, 2005). Regarding parent feeding practices, children whose parents 
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use foods to regulate child’s negative emotions have been found to be more likely to eat palatable foods in 
the absence of hunger. Parent restrictions and pressures to eat also tend to increase weight status of 
children (Clark, Goyder, Bissell, Blank, & Peters, 2007; Faith, Scanlon, Birch, Francis, & Sherry, 2004) 
because such parenting feeding practices disturb internal cues for hunger and satiety.  
In addition, the attachment security of mothers and their children has been considered as a risk 
factor of the high consumption of unhealthy foods. Compared to the number of studies linking attachment 
and clinical aspects of eating behaviors (e.g., eating disorder), only few studies have investigated the 
relation between attachment and daily food consumption. For instance, Bost and colleagues (2014) 
investigated 497 preschoolers and primary caregivers, regarding maternal attachment insecurity and 
child’s unhealthy food consumption. The study found a series of mediations, showing that maternal 
insecurity increased child unhealthy food consumption (e.g., low vegetable and fruit consumption, high 
salty snacks, sweets, and fast food) via its influence on their response to child negative emotions (i.e., 
punishing and dismissing to response to child negative emotion) and emotion related feeding practices. 
This relation was also found to be mediated by increased TV viewing. Faber and Dubé (2015) supported 
these findings by providing empirical evidence that attachment insecurity of children, aged 8-10 years, 
and adults was significantly predictive of a greater consumption of high-caloric foods (HCF) even after 
adjustment for several confounding factors (i.e., early BMI, age, and parent’s intake of high caloric 
foods). In addition, anxious-attached healthy weight women have been found to be more likely to eat 
chocolate chip cookies for calories (Wilkinson, Rowe, & Heath, 2013). On the other hand, Beydoun and 
Wang (2009) did not find a significant relation between maternal attachment security and daughters’ HCF 
or vegetable consumption. Instead, their study found that mother’s consumption of HCF and daughter’s 
restricted behaviors were significant predictors of the daughter’s HCF and vegetable intake. 
Other research studies focused on eating behaviors have given greater attention to adolescents’ 
disordered eating and eating disorders. These behaviors were known to emerge mostly during early 
adolescence (Le Grange et al., 2014). Moreover, studies found that eating disorders are more prevalent 
among girls, following puberty (Abebe, Lien, & von Soest, 2012; Stice, Ng, & Shaw, 2010). Millan and 
Acker (2014) indicated the prevalence and risk of Disordered Eating Attitude and Behaviors (DEAB) 
during this developmental period by indicating that many adolescents meet sub-threshold symptoms of 
DEAB including body dissatisfaction, frequent dieting, fear of becoming fat, and uncontrolled eating. Le 
Grange et al. (2014) conducted a path analysis with using a longitudinal framework to clarify 
developmental antecedences of adolescents’ abnormal eating behaviors and attitudes from infancy to 
adolescence. The significant early and emerging risk factors they found in the study included low 
temperamental persistence, early gestational age, high teen depression, stronger peer relationships, 
maternal dieting behaviors, and early pubertal timing. Regarding gender differences, maternal diet, 
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depression symptoms, and early puberty have been found to be more significant predictors of eating 
problems for female adolescents than males.  
Attachment insecurity has also been considered one risk factors by researchers studying 
disordered eating and eating disorder in adolescence. A systematic review on attachment and eating 
examined how attachment is associated with the healthy and unhealthy eating behaviors of the general 
population at large (Faber, Dubé, & Knäuper, 2017). Findings indicated higher attachment security was 
negatively associated with unhealthy eating behaviors. Meanwhile, attachment insecurity (r = .266), 
anxiety (r = .271), avoidance (r = .119), and fearfulness (r = .184) were positively associated with more 
unhealthy eating behaviors. Attachment and eating relations did not differ by type of unhealthy eating 
behavior (e.g., emotional eating, unhealthy food consumption). Specifically, the examples of the included 
studies reviewed revealed following results. In the study of Goossene et al., (2012), insecure attachment 
toward one’s mother, during preadolescence aged 8 to 11 years, predicted increases in eating concerns, 
dietary restraints, weight concerns, shape concerns, and adjusted BMIs among children 1 year later, even 
controlling for baseline BMI. Further, insecurity of attachment with father was found to predict the 
persistence of children’s subjective binge eating episodes. Moreover, Wilkinson et al., (2013) found that 
adults with anxious attachment had higher BMI, and this association was mediated by disinhibited eating. 
The authors reasoned that those with anxious attachment are more likely to express low self-regulation 
capacities and to rely on external sources to relieve negative emotions when stressed such as emotional 
eating (Hardman, Christiansen, & Wilkinson, 2016; Wilkinson, Rowe, Bishop, & Brunstrom, 2010).  
Barone and Guiducii (2009) investigated 30 clinical and 30 nonclinical undergraduate students to 
examine the relation between mental representations of attachment (AAI) and eating disorders (ED). 
Findings indicated that adults with EDs tend to recall early childhood as involving rejection, neglect, and 
role-reversals (Barone & Guiducci, 2009). Millan and Acker (2014), however, found no relation between 
early attachment and disordered eating attitudes and behaviors (DEAB) among adolescent girls. Instead, 
the data revealed a moderating role of early attachment in the relation between eating disorder risk factor 
(i.e., previous higher BMI) and DEAB, such that the relation was significant only for adolescent girls who 
had early insecure-attachment history at 36 months. These differing results suggest the need to conduct 
further longitudinal and more nuanced studies on how early attachment relationships predict eating 
behavior and food consumption across adolescence. 
Researchers have suggested that most studies focused on attachment and eating behaviors are 
biased toward clinical aspects of eating among female populations (Faber & Dubé, 2015; Faber et al., 
2017). Few studies have examined everyday healthy and unhealthy food consumption in relation to 
attachment (Bost et al., 2014; Faber & Dubé, 2015). Even fewer have examined attachment security in 
early childhood as an antecedent to eating behaviors. In particular, the relation between attachment and 
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healthy eating has been rarely addressed, although one study found that those who are low on attachment 
avoidance are more likely to eat healthy foods (r = -.211). The systematic review specified that 
attachment and eating relation persists, regardless of unhealthy eating behavior type (e.g., emotional 
eating, unhealthy food consumption). Nevertheless, additional research efforts should be made to clarify 
if and how early attachment security affects subsequent daily healthy and unhealthy food choices.  
With regard to the relations between food consumption and obesity, over consumption of food, in 
particular high caloric food, is a primary contributor to overweight or obese status (Swinburn et al., 2011). 
If individuals repeatedly experience failure to control the amount and quality of foods, eating may have a 
greater detrimental impact on physical and psychological health including obesity (Pelletier, Dion, 
Slovinec-D'Angelo, & Reid, 2004). Similar to the patterns of research on attachment and eating behavior, 
research studies focused on the relation between eating behavior and obesity were primarily based on 
adolescent populations, especially girls. Such studies are more likely to investigate eating disorders. For 
instance, longitudinal studies, focusing on a large sample of adolescents, found that individuals on diets 
revealed increased risks for obesity-onset, compared to non-dieters (Field et al., 2003; Neumark-Sztainer 
et al., 2006). Further, scholars noted that unhealthy weight control behaviors—fasting, restricting food 
intake severely, using food substitutes, skipping meals, and taking diet pills—were strong predictors of 
obesity (Neumark-Sztainer et al., 2006).  
On the other hand, fewer studies have assessed the relation between food consumption and weight 
gain. One study investigated 8 to 10-year-old children and their mothers for two years to examine which 
treatments would be effective for decreasing BMI-z, across 2 years, between a group increasing in 
healthy-food consumption (i.e., 33 fruits and vegetables and low-fat dairy products) versus another group 
who restricted unhealthy food consumption (i.e., 32 high energy-dense foods; Epstein, Paluch, Beecher, & 
Roemmich, 2008). Results indicated that children in the group of healthy food increases showed greater 
decrease in weight status 2 year later, when compared to those in the group of restricted unhealthy-food 
consumption. Additionally, baseline parental concerns about children’s weight status reduced significantly 
only among mothers in the increased healthy food consumption group. Changes in BMI-z scores differed 
between the two groups according to baseline BMI-z scores, age, and gender. Lower BMI-z scores, older 
children, and girls indicated sustained decreases in weight status after 2 years, when assigned to increased 
healthy food consumption group.  
Empirical evidence and extension of previous findings informed the basis of this study. This study 
examined the longitudinal relations of healthy/unhealthy food consumption on obesity risk measured by 
BMI and skinfold in adolescence. Moreover, the indirect effect of food consumption in the relation 
between early attachment security and obesity risk was examined.  
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Self-Regulation Linking Early Attachment and Adolescents’ Food Consumption 
Considering that the strong relation persists between emotion and eating and that attachment is an 
interpersonal context through which children develop self-regulation, one of the most salient mediating 
factors linking attachment and eating may be self-regulation skills. From an attachment theory 
perspective, secure children whose parents responded to distress sensitively and promptly form the belief 
that supportive and responsive attachment figures will be present to offer help and bring emotional 
comfort and relief when children experience distress. Such experiences prompt children to use adaptive 
emotion regulation strategies later in life such as support seeking in children and positive reappraisal of 
emotion (Belsky & Cassidy, 1994a). On the other hand, insecure children repeatedly experience violations 
of parental support and availability as needed and resort to maladaptive coping strategies such as 
hyperactivating or deactivating the attachment system. Failure to experience security in the context of 
caregiving relationships may result in poor self-regulatory behaviors and physiological stress. In such 
condition, eating can be used as an alternative coping strategy to manage unregulated stress because 
eating is inherently pleasurable, rewarding, and motivating (Blumenthal & Gold, 2010). Eating becomes a 
conditioned way to cope with discomfort, even momentarily (Haedt-Matt & Keel, 2011). Negative 
reinforcement may perpetuate this cycle: eating erases negative emotions (Haedt-Matt & Keel, 2011).  
In addition to the impact of dysregulated emotion on eating, a cognitive and behavioral aspect of 
self-regulation skills (i.e., sustained attention, delay gratification) may help explain how regulatory 
processes influence dietary intake. Inhibitory control and sustained attention are important components of 
self-regulation, referring to cognitive-controlled attention and behaviors. In the framework of executive 
function, allocation of attention and response selection and inhibition are viewed as required abilities for 
planning and carrying out action that constitute goal directed behaviors (Eslinger, 1996; Lezak, 2004). 
One’s ability to set a goal, plan, and to monitor food purchased and eaten may play an important role in 
maintaining a healthy diet and weight (Anderson, Winett, & Wojcik, 2007). In addition, the ability to pay 
attention to the cognitively represented goals being set may foster goal implementation and maintenance.  
Relatedly, Anderson and colleagues (2007) investigated self-regulation and food intake (i.e., fat, 
fruits, vegetables, and fibers) in accordance with Bandura’s social cognitive theory and found that greater 
self-regulation in planning and tracking nutrition correlated with increased fruits, vegetables, and fiber 
consumption, but decreased fat consumption (Anderson et al., 2007). One intervention study also showed 
that goal corrected behavior as a self-regulation strategy enhanced healthy food consumption of college 
students (Schnoll & Zimmerman, 2001), in that goal-setting practices were directly predictive of fiber 
consumption, even after early nutrition knowledge and pre-fiber consumption were statistically 
controlled. In addition, those who participated in both the goal-setting and self-monitoring training 
showed greater increases in dietary fiber consumption than groups used either one of the self-regulation 
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strategies and control group. In addition, Davis et al., (2011) revealed that overweight and inactive 
children 7-11 years of age who participated in afterschool aerobic exercise showed improved capability of 
executive function (i.e., planning) compared to control groups regardless of time spent in exercise. This 
may suggest that doing exercise does not necessarily show a direct relation on weight change, but it could 
indirectly influence weight status via self-regulation skills. 
Few studies have directly examined relations among attachment, self-regulation, and eating. One 
study examined whether self-regulation mediates relations between attachment and binge eating with 381 
college and graduate students (Han & Pistole, 2014). Results revealed that who were more insecure with 
romantic partners were more likely to experience binge eating than less secure students. Also, this relation 
was mediated by low self-regulation skills measured by difficulty engaging in goal-directed behaviors, 
impulsivity, and emotion regulation strategies. Despite limited methodologies, this study is notable 
because it includes several aspects of self-regulation and tested mechanisms that link attachment and 
eating behaviors. In addition, Taube-Schiff et al.’s (2015) study found consistent results, using 1,393 adult 
bariatric surgery candidates. The study confirmed that avoidant and anxious attachment predicts low 
emotional regulation. Consequently, it increases emotional eating due to anger, anxiety, and depression 
even after adjustment for age, gender, depression, anxiety, and eating pathology.  
Obesity and weight-management research addresses self-regulation with great attention. 
However, little is known about the impact of multiple components of self-regulation on nutrition or food 
intake as it relates to early attachment. This gap necessitates a study on how early attachment predicts 
later healthy and unhealthy food consumption and the role of self-regulation in the relation. Thus, this 
study investigated how early attachment relates to healthy and unhealthy food consumption in pre-
adolescent individuals, and tested the mediating role of self-regulation in this association.  
Parenting Practices versus Attachment Relationships 
Obesity researchers have typically focused on parenting styles, including general parenting and 
specific parenting practices, and how they relate to children’s food consumption and activity. Sleddens 
and colleagues (2011) revealed that the effect of parenting behaviors on obesity and being overweight 
differs by how parenting is operationalized and conceptualized. According to Goldberg, Grusec, and 
Jenkins (1999), a general parent’s sensitivity and sensitive response to a child’s distress should be 
differentiated. Because attachment theory includes aspects of evolutionary theory, a parent’s sensitive 
response to a child’s stress or danger, which increases the prevalence of survival, is considered critical in 
attachment theory. Their study emphasized the fact that the broadened definition of attachment, including 
a general parent-child relationship, blurs the unique feature of parent-child interactions in the context of 
attachment security. McElwain and Booth-LaForce (2006) supported this notion by showing empirical 
evidence that greater maternal sensitivity to a child’s distress at 6 months, but not sensitivity to non-
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distress, is related to increased odds of being classified as secure at 15 months. Unfortunately, most 
pediatric obesity studies include parenting styles or specific practices rather than to consider parenting in 
an attachment framework (Sleddens, Gerards, Thijs, Vries, & Kremers, 2011). For example, studies have 
revealed that children who are raised by authoritative parents are more likely to be active, have lower 
BMIs, and eat healthy foods, compared to those with authoritarian, permissive/indulgent parents (Agras, 
Hammer, McNicholas, & Kraemer, 2004; Sleddens et al., 2011). In addition, parental neglect during 
childhood has been linked to obesity in adulthood (Lissau & Sorensen, 1994), and controlling behaviors 
of the mother and the father have been found to be positively associated with a BMI z-scores (Kim, 
McIntosh, Anding, Kubena, Reed, & Moon, 2008; Ludrosky, 2005).  
Contrary to parenting styles, which primarily focus on underlying dimensions of warmth and 
control, attachment theory may provide additional insights regarding the regulatory mechanisms by which 
early interpersonal relationships influence adolescent obesity. Accordingly, in this analysis, a composite 
score representing negative parenting practice (i.e., negative regard toward child and intrusiveness) was 
computed, which although expected to be related, may capture different aspects of parenting than 
attachment security. This composite was used as a statistical control in the analyses in order to elucidate 
the unique effects of attachment-related parenting on the development of obesity.  
Child Temperament as an Additional Statistical Control 
In addition to family-income-to needs ratio, maternal education, and negative parenting practice 
as statistical controls, child negative emotionality was also considered as a covariate. Negative reactivity 
has been viewed as a risk factor for obesity. A meta-analysis of systematic reviews on the relation 
between early negative reactivity and weight-related measures (i.e., BMI and rapid weight gain) during 
childhood found positive relations between early negative emotionality and BMI (Stifter, Anzman-Frasca, 
Birch, & Voegtline, 2011) and rapid weight gain (Niegel, Ystrom, & Vollrath, 2007) across cross sectional 
and short-term longitudinal studies. In addition, infant’s distress to limitation at 8 months has been found 
to be positively related to weight gain from birth to 8 weeks while the reverse relation was found between 
fear and weight gain (Darlington & Wright, 2006). On the other hand, longitudinal data spanning longer 
periods of development with more heterogeneous samples than other studies did not support the 
hypothesized relation of early negative emotionality to subsequent adiposity at 6 to 8 years of age 
(Wright, Cox, & Le Couteur, 2011) and weight gain across age 8 (Pryor et al., 2011; Wright et al., 2011). 
A few longitudinal studies found early negative emotionality to be predictive of body adiposity (Slining, 
Adair, Goldman, Borja, & Bentley, 2009) and BMI only for school aged children with highly insensitive 
mothers (Wu, Dixon, Dalton, Tudiver, & Liu, 2011). Further, many efforts have been made to clarify the 
mechanisms by which early negative emotionality influences subsequent weight status, especially 
focusing on parental influences such as indulgent parenting style, parent sensitivity, and parenting 
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efficacy. The mediating or moderating effects that have been found support the notion that temperamental 
negativity may not be problematic itself, but rather parent responses to children with high negativity 
increased obesity risk.  
Extensive research considers children’s early negativity as an important risk factor for obesity. 
However, little is known about how child negativity interacts with other possible risk factors such as self-
dysregulation and unhealthful food consumption in the prediction of weight status and adiposity across 
adolescence. Although this study did not test moderation, negative emotionality was included as a 
covariate in examining the mechanisms by which early security of attachment and parental stress impact 
adolescent weight status.  
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Chapter Three: Methodology 
Participants 
The hypothesized pathways were examined by using a large sample drawn from the National 
Institute of Child Health and Human Development (NICHD) Study of Early Child Care and Youth 
Development (SECCYD). The NICHD-SECCYD is a unique longitudinal dataset that has followed a 
total of 1,364 children and their families from 10 geographic areas across the United States. Initially, 
1,525 families agreed to participate in the study. However, 161 participants were excluded from the 
sample, for instance, when mothers were under age 18 and did not speak English, families anticipated 
moving, and infants had health problems or disabilities (Brooks–Gunn, Han, & Waldfogel, 2002). 
Consequently, 1,364 families were tracked from the birth of the child in 1991 through age 15 years. (For a 
detailed description of the NICHD dataset, including sample selections and interview processes, see 
NICHD Early Child Care Research Network, 1998).  
The current study is testing longitudinal associations using data collected from child birth to 15 
years of age, so the pattern of missing values required examination. According to a missing value analysis 
(MVA) of all measures of interest, the percentage of missing value ranged from 1% (mother’s education) 
to 45.6% (i.e., Early z-BMI). Attrition analyses was carried out in Statistical Package for Social Science 
(SPSS) version 24.0 (IBM analytic, 2016) to determine whether 375 participants who provided complete 
data were significantly different from the rest of the samples (N = 989) who missed any one of study 
variables in demographic variables at baseline and model variables. The results showed that more 
educated (t [1,361] = -3.57, p < .001) and married mothers (χ2 [1, N = 1,362] = 9.44, p < .01) remained in 
the study. Moreover, children in the samples with complete data were more securely attached in early 
childhood (t [801.24] = -3.10, p < .01) and showed higher sustained attention (t [841.71] = -2.25, p < .05).  
Excluding cases with missing data can undermine statistical power and produce biased parameter 
estimates (Allison, 2003). Therefore, the missing values in the study variables were handled using Full 
Information Maximum Likelihood (FIML) in M-plus version 7.3 (Muthen & Muthen, 1998-2015) (Dong 
& Peng, 2013; Enders & Bandalos, 2001), which resulted in an analysis sample of 1,237 participants. 
FIML is a model-based missing data method that is frequently used in structural equation modeling 
(SEM). It does not impute any missing data, but estimates parameters directly using all the information 
from the available data and calculating the log-likelihood of the data for each observational unit 
separately (Drake et al., 2014). Under the conditions of MAR and multivariate normality, FLML produces 
unbiased estimates (Enders & Bandalos, 2001) and provide valid information for model fit (Enders, 
2001b, 2010). It has been confirmed that FIML is a clearly superior than other methods dealing with 
missing data such as mean substitution, list-wise deletion, and of comparable performance to multiple 
imputation (Allison, 2003; Schafer & Graham, 2002). For the case that normality assumption is violated, 
31 
 
using bootstrap or rescaled statistics has been recommended to correct the bias associated with non-
normality (Enders, 2001a).  
Even though FIML dealt with missing values, 127 participants out of 1,364 families could not be 
included in the current analysis because they have missing value across all variables used for creating the 
latent variables (i.e., attachment, parental stress, self-regulation, food consumption, and obesity risk). 
Attrition analyses were performed again to determine if 1,237 participants included in the analysis sample 
differed significantly from 127 participants who were not included on demographic variables at baseline. 
Mothers who remained in the sample analysis (M = 14.35, SD = 2.50, N = 1,237) were more educated 
than those who were not included (M = 13.13, SD = 2.34, N = 126), t [1,361] = -3.57, p < .001). In 
addition, the analysis sample included more mothers who were married than those excluded from analysis 
(χ2 [1, N = 1,362] = 27.05, p < .001). Importantly, neither child attachment security nor sustained attention 
significantly differed between the children included in analysis and those not in the sample. The 
comparison of family income-to-need ratio between selected and excluded mothers could not be 
computed, because only one mother in the excluded group provided information on family income.  
Table 1 depicts characteristics of the analysis sample. Slightly over half of the final sample were 
female (51.6%), and the majority of mothers identified their ethnicity as white (83.8%), followed by 
Black (11.7%), Asian (2.2%) and Native American (0.6%). 78.6% of mothers identified their marital 
status as married (78.6%) and 12.4% reported being single mothers. For mother’s education, 37.3% of 
mothers reported they earned college degree or beyond, followed by some college (33.2%) and high 
school or lower (29.4%). The average family income during the first three years after the child was born 
was $52,924 ($40,000 - 69,999). 
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Table 1. Analysis Sample Characteristics (N = 1,237) 
Demographic Variables               N Percentage (%) 
Child gender   
Male 599 48.4 
Female 638 51.6 
Marital status   
Married 971 78.6 
Single 245 12.4 
Separated/divorced/widowed 11 8.0 
Other 8 0.9 
Mother’s education   
College degree or beyond 461 37.3 
Some college 411 33.2 
High school or less 365 29.4 
Maternal ethnicity   
American Indian 8 0.6 
Asian or Pacific Islander 27 2.2 
Black or African-American 145 11.7 
White 1,037 83.8 
Other 20 1.6 
Family income   
Less than 20,000 162 14.1 
20,000-39,999 348 30.4 
40,000-69,999 360 31.4 
70,000-99.999 164 14.3 
More than 100,000 112 9.8 
Note. 2 mothers and 96 families did not report marital status and family income, respectively. 
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Measures 
Weight Status 
This study used children’s weight and height measured at multiple time points; early childhood 
(15, 24, 36 months), at 8-9 years of age (middle childhood), and 15 years of age (middle adolescence). 
The measured heights and weights were used to compute body mass index (BMI) scores calculated from 
weight in kilograms (kg) divided by height in meters squared (m2) to reflect body weight adjusted for 
height. Recent report has reconfirmed the appropriateness of using age- and gender- adjusted BMI 
percentile to indicate children’s overweight and obesity (Spear et al., 2007). In addition to BMI, skinfold 
thickness was measured at age 15 because it is another important and valid anthropometric indicator of 
regional and total body adiposity and is more sensitive to detect excessive adiposity than BMI (Bedogni 
et al., 2003). The visit coordinators were trained and certified for collecting accurate growth measures. In 
training sessions, they read the manual describing the standard procedures and were video-recorded 
showing how they measured the children in practice. The videotapes were sent to a certifier to get 
feedback and the required certification (NICHD Early Child Care and Youth Development, 2006). 
Early BMI refers to the average BMI z-scores across 15, 24, and 36 months. Each procedure of 
growth measures carefully followed the growth measurement manuals provided by NICHD Early Child 
Care and Youth Development (1992a, 1992b, 1993a). The scale used to measure weight was “the Health 
O Meter Pediatric Balance Beam Scale Model 1522KL”. The measurement was repeated up to 4 times if 
the second measurement score differed by 4 ounces from the first weight. Child’s length was measured 
using a “Health O Meter infantometer rule 17-1334”. Following the standard height measure for 15-
month-old children, recumbent length (laying down) was measured rather than standing height, because 
this method is more reliable for this age group. If the difference between first and second length was 
greater than 0.5 inches, measurement was repeated two more times. 
A research assistant followed the similar procedures used at 15 months to get height and weight at 
24 and 36 months. Only few changes were made at 24 and 36 months. At 36 months, children stood on a 
balance scale instead of sitting on the center at the platform seat of the scale. The child’s weight 
measurement was repeated up to 4 times if the second weight was different from the first assessment by 4 
pounds. Contrary to the use of recumbent length at 15 months, child’s standing height at 24 and 36 
months was obtained with a yardstick taped to the wall and a standard builder’s T-square. Two additional 
height measurements were obtained unless the second height was not smaller than .25 inches than the first 
height.  
Heights and weights at 15, 24, and 36 months were used to calculate age- and gender- adjusted 
BMI z-scores using standard procedures. For children under 24 months, the World Health Organization 
(WHO) child growth standard was used (available in pdf format at 
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http://www.who.int/childgrowth/software/en/). In the case for children over 24 months, the Centers for 
Disease Control (CDC) growth references were used (available in the pdf format 
https://www.cdc.gov/growthcharts/cdc_charts.htm).  
At 8-9 years of age (3rd grade), children’s weight and height were measured during a laboratory 
visit by trained research assistants. The order measuring height and weight was not critical at this age. 
However, it was recommended to measure weight first and then height to be consistent with the previous 
growth measures (NICHD Early Child Care and Youth Development, 2000). Before getting heights, 
children were asked to take off their shoes, undo their hair if it may increase his/her height (e.g., pony 
tail), and put their feet (i.e., heel and toe) as close together as possible. The research assistant used a 6’ 
metal measuring stick taped flat against wall, and a standard builder’s T-square. If the second measure 
showed a difference greater than .25 inches compared to the first height assessment, two additional 
measurements were obtained (NICHD Early Child Care and Youth Development, 2000). Children were 
weighed with a standard physician’s scale with two balance beams. Similar to height measurements, 
weight was measured two additional times if the difference between first and second weight was greater 
than 4 ounces. Given the average height and weight, age and gender adjusted BMI and BMI z-scores were 
calculated based on CDC Growth Charts from the National Health and Nutrition Examination Survey 
(NHANES) released May 30, 2000 (available in PDF format at 
http://www.cdc.gov/nchs/about/major/nhanes/growthcahrts/charts.htm). 
Weight status at age 15 was assessed by two commonly-used measures of adiposity in clinical 
and epidemiologic studies; Body Mass Index (BMI, kg/meter squared) and Skinfold Thickness (Must, 
Dallal, & Dietz, 1991). The procedure measuring height and weight was the same as described for the 8-9 
year data collection. Even though BMI has been regarded as the recommended method for population-
based screenings of children for obesity, research has found that BMI may inadequately predict children’s 
adipose, because BMI might lead to a mislabeling of a significant number of healthy children as 
overweight (Ellis et al., 1999). Therefore, it has been suggested that multiple measures be used to assess 
adiposity more accurately (Mendoza, Zimmerman, & Christakis, 2007; Pecoraro et al., 2003). Skinfold 
assessments are one of the most accurate field tests of general adiposity, and are an accurate measure of 
subcutaneous adipose tissue at specific body sites. The Triceps/subscapular Skinfold Thickness 
measurement assesses the thickness of the skin and subcutaneous fat on the back of the upper arm and 
upper back by using a caliper. In particular, the subscapular skinfold (i.e., the back of arm) is an indicator 
of trunk fat, while the triceps skinfold (i.e., upper back) indicates extremity adiposity (Addo & Himes, 
2010). A skinfold equation can be used to estimate the percent of a participant’s body weight that is 
composed of fat tissue. Experts confirmed the validity of the skinfold measure for detecting obesity or 
overweight problems, and it has been confirmed by a significant correlation with cardiovascular diseases, 
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such as adiposity (Steinberger et al., 2005), lipids, and insulin for young children (Freedman, Serdula, 
Srinivasan, & Berenson, 1999).  
This study used two skinfolds (i.e., subscapular and triceps) assessed using a Lange Skinfold 
Caliper. A trained experimenter picked skinfold and underlying fatty tissue on the right side of child’s 
body up to .50 inch (~1.0 cm) above the mark using left forefinger and thumb. Pulling and slight rolling 
action of the grasping finger was applied to facilitate the procedure of picking skinfold accurately. Each 
site was measured three times starting with the 1st triceps skinfold, then the 1st subscapular, and 
continuing in alternating order, so that the skin could regain any volume lost due to the compressing 
action for the previous measure at that site (NICHD Early Child Care and Youth Development, 2006). 
The triceps and subscapular skinfolds were averaged across three times and summed to obtain a total 
skinfold measure, which is used in the subsequent analysis as another indicator of weight status in 
adolescence. 
Descriptive data on child weight status from early childhood to adolescence are presented in 
Table 2. CDC Recommended BMI-for-age cutoffs was used to differentiate children into 4 groups (i.e., 
underweight, normal weight, overweight, and obese). At age 15, 67.7% were normal weight, followed by 
overweight (15.5%), obese (15.5%), and underweight adolescents (1.3%). 
 
 
Security of Attachment 
In the NICHD SECCYD, security of attachment in early childhood was assessed using the 
Strange Situation Procedure (SSP) at 15 months (Ainsworth, Blehar, Waters, & Wall, 1978), Attachment 
Q-set (AQS) at 24 months (Waters & Deane, 1985), and the Modified Strange Situation Procedure 
(MSSP; Cassidy, Marvin, & the MacArthur Working Group on Attachment, 1992) at 36 months. 
Child attachment security at 15 months was measured using the SSP, regarded as the gold 
standard of child attachment measures. Ainsworth and her colleagues showed, and many studies have 
Table 2. Descriptive Statistics for Weight Status by Age 
 
Age 
Underweight 
(BMI < 5th 
percentile) 
Normal weight 
(BMI 5th 
 to < 85th) 
Overweight 
(BMI 85th 
to < 95th) 
Obese 
(BMI  ≥ 95th 
percentile) 
N 
 N % N % N % N   %  
15 months 97 11.5 747 88.5     844 
24 months 29 3.6 799 81.3 100 10.2 55 5.6 983 
36 months 39 3.6 846 78.0 134 12.4 66 6.1 1,085 
Age 8-9 14 1.1 630 50.9 135 10.9 137 12.7 936 
Age 15 11 1.3 571 67.7 131 15.5 131 15.5 844 
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since replicated, that behaviors in the separation episodes of the SSP reflect the history of parent-child 
interactions in the home and predict later competence in relationship functioning (Ainsworth et al., 1978; 
Belsky, Rovine, & Taylor, 1984; Fraley, Roisman, & Haltigan, 2013; Grossmann, Grossmann, Spangler, 
Suess, & Unzner, 1985). The SSP consists of a series of 8 episodes including two separations and two 
reunions of the parent-child dyad. In the first two episodes, the parent and child are led to a playroom and 
the child plays with age-appropriate toys while the parent sits in a chair (3 minutes). The third episode 
starts when an unfamiliar adult female enters the room. The stranger is silent for 1 minute, and then has a 
short conversation with the mother and approaches and tries to engage the child for 3 minutes. The parent 
then leaves the room for the first separation (fourth episode). If the child becomes upset, the stranger tries 
to calm the child (3 minutes). The mother then returns to the room for a 3-minute reunion (fifth episode). 
At the end of the first reunion episode, the mother leaves again for the second 3-minute separation while 
the child stays in the room alone (sixth episode). The stranger comes back into the room first and interacts 
with the child during the seventh episode, and then the mother returns for the final reunion episode 
(NICHD Early Child Care and Youth Development, 1992c)  
Based on the SSP, children were assigned an attachment category using Ainsworth’s et al. (1978) 
ABC classification (i.e. secure, insecure-avoidant, and insecure-anxious). Children who were able to 
reduce anxiety by seeking comfort and contact with their mothers and resume comfortable interaction 
exploration were coded as secure (group B). Generally, children who displayed a lack of distress during 
separation, and a low desire for proximity to their mother during reunion, were classified as insecure 
avoidant (group A). Children were rated as anxious (group C) if they showed distress during separation 
episodes, and showed both proximity seeking behaviors combined with contact that was resistant or angry 
during reunions. In addition to the ABC forced classification, the D (disorganized) category was coded 
when children did not show any clear pattern of behaviors, but displayed contradictory behavior patterns 
sequentially or simultaneously (Main & Solomon, 1990). A “U” classification was applied if children’s 
behaviors were not classifiable according to the traditional system or disorganized otherwise (Main & 
Solomon, 1990; NICHD ECCRN, 1997).  
The SSP videotapes were sent to a central location and double-coded by a team of three coders 
who were blind to the information on the child. Reliability was computed using 867 randomly paired 
cases. The inter-coder agreement for the SSP in the NICHD-SECCYD sample has been shown to 83% 
(Kappa = .69) on the five-category classification (ABCDU) and 86% (Kappa = .70) on the two-category 
classification (secure vs insecure; Friedman & Boyle, 2008; NICHD ECCRN, 1997). The primary 
attachment category did not differ across 10 research sites (χ2 [df = 36] = 34.712 p = .530), revealing that 
the distribution of attachment categories showed remarkable similarity across sites. The greatest 
difference was the percentage of the “D” category which ranged from 7% to 21%. Among 1,237 analysis 
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samples, 801 children were rated as secure (64.8%); 191 were insecure-avoidant (15.4%); and 172 were 
insecure-anxious (13.9%). Given 3 types of attachment category, a secure versus insecure variable was 
created by aggregating two types of insecure types (i.e., insecure-avoidance and anxious) into a global 
insecurity, resulting in 801 secure (64.8%) and 363 insecure children (29.3%) at 15 months. 
The MSSP for 36-month-old children followed the same procedures as described for the SSP at 
15 months, except a stranger was not present in all the same episodes and the second separation lasted for 
5 minutes instead of 3 minutes. The child’s responses to the separation from his/her mother were 
videotaped and classified using the coding system developed for preschoolers by the MacArthur Working 
Group on Attachment (Cassidy, Marvin, & the MacArthur Working Group on Attachment, 1992) as well 
as forced ABC classification. The MacArthur working coding system uses a 4-way attachment category 
rating. The secure (group B) and insecure-avoidant (group A) criteria were the same as at 15 months. The 
insecure-anxious group at 15 months was labeled as insecure ambivalent (group C) at 36 months. In 
addition, children who showed either a controlling or combination of avoidance and ambivalent, or 
avoidance and controlling strategies in reunion were assigned into insecure-controlling/insecure-other 
(group D; Cassidy, Marvin, & the MacArthur Working Group on Attachment, 1992). 
Research assistants were trained and certified to conduct the strange situation according to 
standard procedures. A team of three coders coded the videotapes in two waves. In first wave, two coders 
watched each video of first wave samples independently and classified each child according to either 
MacArthur and forced ABC coding system. If the attachment classifications from each coder was 
different, a team watched the video again and had a discussion until a consensus was reached. The rest of 
sample was coded at the second wave by one coder and 64 randomly selected videotapes from the second 
wave sample were double-coded (NICHD Early Child Care and Youth Development, 1993b). In addition, 
the coders were asked to indicate a five-point confidence rating in the assignment of the codes they made, 
with higher value indicating greater confidence. No significant difference in site were observed for each 
classification. Among samples included in the current study, more than half of children was classified as 
secure (56.5%), followed by ambivalent (15.8%), insecure controlling (15.0%), and avoidant children 
(4.8%). 
At 24 months, Attachment Q-set (AQS) was used to assess child’s attachment security (Waters, 
1987). The AQS assesses the degree and manner in which a young child (12 to 36 months) uses an 
attachment figure as a secure base across time and situations (Vaughn & Waters, 1990; Waters, 1987), 
and meta-analytic data support the validity of the observer AQS (Van IJzendoorn, Vereijken, Bakermans-
Kranenburg, & Riksen-Walraven, 2004). Prior to the home observation, research assistants received 
extensive trainings by reading relevant articles, watching training videos, and conducting preliminary 
home visits with principle investigators. For rater agreement, the Q-correlations between the research 
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assistants and an expert should fall between .55 to .65 (NICHD Early Child Care and Youth 
Development, 1993c) 
One observer visited the home for 2 hours unless it was a reliability visit with two observers. The 
research assistant observed parent and child interaction during normal daily routines first. During the last 
hour of observation, a semi-structured situation was introduced in which parents were given a set of 
activities to carry out with their children including a small book with surprise window, a snack, and a 
hide-and-seek game. During the natural interaction and semi-structured activities, observers noted 
behaviors relevant to Q-sort content domains. Immediately after the home visit, observers sorted 90 
descriptive items into 9 piles according to the degree to which they applied to the child observed from 1 
(least characteristic) to 9 (most characteristic). Pearson’s correlation coefficients, obtained by correlating 
observer sorts with the expert-derived security criterion sort were used to categorize children into a secure 
and insecure group, with 3.0 and higher value representing a secure group (Steele et al., 2014; Waters, 
2013). More than half of analysis sample was classified as secure (52.1%), and 47.9% were insecure. 
Given the various methodologies used to measure attachment security across age periods, and 
following procedures used by Groh et al. (2014) and Steele et al. (2014), a composite score for each child 
was created by computing the proportion of times a child was secure across the 3 early attachment 
assessments (N=1,079, ns for proportion of time secure; 93 [8.6%] = .00, 256 [23.7%] = .33, 465 [43.1%] 
= .67, and 265 [24.6] = 1.00). The mean score of attachment security in early childhood was .612, 
indicating that children were rated, on average, as secure across two assessments (Table 4). 
Parental Stress 
Parental stressors were assessed by three distinct but related measures, including maternal total 
life stress, health, and depression. First, a total life stress index was created by summing 7 selected items 
from a home visit interview asking whether the mother perceived any life stress resulting from 1) new 
people entrance into household, 2) having any family members leaving household, 3) job loss of a relative 
or close friend (Q. Has any relative or close friend lost their job?), 4) illness of a relative or close friend 
(Q. Has any relative or close friend been seriously ill or injured including alcoholism and/or addition?), 5) 
death of a relative or close friend (Q. Has anyone close to you died?), 6) household moves, and 7) if 
mother was laid off or fired. Each item received a score of “1” if a mother answered “yes” to the question. 
There were no mothers experiencing all 7 life events, which makes the total life stress score ranges from 0 
(no stressful life event) to 6 (experiencing 6 life stressful life events). The NICHD-SEYCCD data report 
indicated that the internal consistency across the 7 items were .38, .31, .33 at 15, 24, 36 months 
respectively (NICHD Early Child Care and Youth Development, 1994a, 1995a, 1995b). In the current 
study, mothers’ self-report life stress at 15, 24, and 36 months were averaged and used as one indicator of 
parental stress in analysis. As depicted in Table 4, the analysis samples reported that mothers have an 
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average of 1.20 life stressors.  
Second, maternal health status was obtained from one of the home visit interview questions. 
Mothers answered the question “How would you describe your health compared with other women your 
age? Would you say your health has been poor, fair, good, or excellent?” on a 4-point Likert scale that 
ranges from 1(poor) to 4 (excellent). The mean score across three time points (15, 24, 36 months) was 
utilized as the second indicator of maternal stress in the current analysis (Table 4).  
Lastly, maternal depression was assessed at 15, 24, 36 months using the Center for 
Epidemiological Studies Depression Scale (CES-D)(Radloff, 1977). The CES-D is one of the most widely 
used measure of depression symptoms for nonclinical populations. Sample items include “I had trouble 
keeping my mind on what I was doing,” “I was bothered by things that usually don't bother me”, and “I 
thought my life had been a failure”. Mothers were asked to report the frequency with which they 
experienced 20 symptoms over the past week based on 4 categories with "rarely or none of the time (less 
than 1 day)", "some or a little of the time (1-2 days)", "occasionally or a moderate amount of time (3-4 
days), and "most or all of the time (5-7 days). Each category was transformed into a numerical scale 
raining from 1 (rarely) to 4 (most). To calculate a total depression score, four items were reversed and 
then all responses were summed. Cronbach's alpha for the scale was quite high with .896, .907, and ,903 
at each month respectively (NICHD Early Child Care and Youth Development, 1994b, 1995c, 1995d). 
For data analysis, total maternal depression scores at the 15, 24, and 36 month time points were averaged, 
with the high score denoting higher levels of depressive symptomatology (Table 4).  
Child Self-regulation 
Self-regulation ability was conceptualized in this study as the child’s ability to delay gratification, 
persistence, and sustained attention. Ability to delay gratification was assessed using Mishchel’s (1974, 
1981) widely-used self-imposed waiting task during a laboratory visit at age 4 ½ (54 months) (Mischel, 
1974; Mischel et al., 1988; Mischel, Shoda, & Rodriguez, 1989). Previous studies have validated this task 
by showing its relation to other aspects of self-regulation, child rearing circumstance, and later 
functioning (Feng, Hooper, & Jia, 2017; Gross, 1998; Murray, Scott, Connolly, & Wells, 2018; Shoda, 
Mischel, & Peake, 1990). In the experiment, a child was asked to sit in front of a table on which 3 types 
of foods are displayed (i.e., M&Ms, animal crackers, pretzels) and the experimenter asked the child which 
of them he/she like most. Having identified the child’s most favorite food, a researcher asked the child to 
choose the second favorite, which is important to know in case the child showed difficulty with the next 
stage of instruction. If the child still did not indicate a most favorite and a second favorite food after three 
attempts had been made, the procedure was terminated. Once their preferred foods were known, the 
researcher showed both a small and a large pile of the food chosen as favorite and asked which one the 
child would rather have. If the child kept wanting to have the smaller quantity of food even after being 
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given two more chances to choose between a big and small pile that are subdivided from the small pile of 
food the child chose, the child was allowed to eat the small pile of food and the experiment was 
terminated. When a child selected their favorite food given three types of foods and showed preference 
for larger quantity of that food over a smaller size, the experiment continued and the following instruction 
was given to children. The researcher explained that he/she will leave the room to do something and the 
child will play “the waiting game” in my absence. The child must stay in the chair all the time and do not 
eat food before the researcher returned. The children were given two choices: they could have a larger 
quantity of the food as a reward if they waited until the experimenter returned (7 minutes) or they could 
make the experimenter come back right away to the room by ringing the bell and then have the smaller 
amount of food to eat. Two food plates (i.e., one with a small pile of food and the other with a larger pile) 
were placed directly in front of the child, as if the child was sitting at the dinner table (see details in 
NICHD Early Child Care and Youth Development, 1995e). The length of time (minutes) the child waited 
was counted with a maximum waiting time of 7 minutes. Longer wait times indicate a greater ability to 
delay gratification. The average waiting time of the analysis sample was 4.48 minutes. 
Secondly, child persistence was rated from a 15-miniute observation of a semi-structured parent-
child interaction at age 4 ½ (54 months) and 6-7 years (1st grade). Mothers and their children were 
provided two challenging activities that children could not carry out independently and one activity that 
required parent-child cooperation. Their behaviors shown in the structured context were found to be 
consistently associated with child social and cognitive development (NICHD Early Child Care Research 
Network, 2003). At age 4 ½, the first activity was to complete a maze using an Etch-A-Sketch, which is 
challenging for 4-year-old children to do on their own. The second activity involved building as many 
towers like a large rectangular cube block as they could by using variously shaped wooden blocks. The 
last activity was playing with a set of six hand puppets, which encourages parent-child interaction and 
needs cooperation between a mother and her child. Mothers were allowed to give instruction and 
assistance to children in any of the activities. If the mother and child could not finish the activities in 14 
minutes, they were provided an additional 6 minutes to play (NICHD Early Child Care Operation and 
Youth Development, 1995f).  
Persistence in first grade was also coded during parent-child interaction tasks in the laboratory. 
The same procedures were carried out, but the types of activities were modified to make them more age 
appropriate. The first activity involved drawing a tree and house together on the screen of an Etch-A-
Sketch. This activity was made more challenging by providing a limitation in playing with the toy. 
Specifically, one member of the dyad was to control only the horizontal knob and the other the vertical 
knob, which required coordination between the dyads. The second activity was to fill three geometric 
cutout frames (Addison-Wesley/Cuisenaire #034796) using different shaped parquet pattern blocks 
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(Learning Resources #LER 634). Lastly, the parent and child dyad played a card game called one-up/one-
down which is a modified version of slap-jack. Mothers and their children successively laid card face up 
on the growing piles of card and race to slap or claim when the card placed on the growing pile is either 
higher or lower than the previous one. Their interactions during the play were observed to assess emotion 
expression of mother-child dyads and emotion regulation of children (NICHD Early Child Care and 
Youth Development, 1995g).  
Persistence was defined as the extent to which a child was actively involved in the tasks. Child 
persistence was coded on a 7-point global rating scale, with higher value representing better persistence. 
For instance, a child received a high score (7) if she/he was actively engaged with toys either because of 
the child’s own motivation or because of the mother’s suggestions. Children did not have to necessarily 
show high enthusiasm to be rated on high persistence as highly persistent children can be either sober or 
playful (NICHD Early Child Care and Youth Development, 1995f). Children who refused to be involved 
in the activity, and showed low involvement even when the mother requested their attention, or who 
participated in off-task activities, were rated on the lowest end of the scale (1). Videotapes were sent to 
non-data collection sites to be coded. The coders worked in teams of 3 to 5, and were blind to the family 
information (NICHD Early Child Care and Youth Development, 1995f). They received intensive 
supervision and training and met periodically to recode the videotapes together as a team. Inter-rater 
reliability between two coders were computed from randomly selected 242 parent-child interactions at 54 
months and 196 in first grade and the reliability estimates were .86 and .84 respectively (NICHD Early 
Child Care and Youth Development, 1999, 2001). 
Lastly, children’s sustained attention was measured at age 4 ½ and 6-7 years (1st grade) using the 
continuous performance task (CPT) designed for young children (e.g., Mirsky, Anthony, Duncan, Aheam, 
& Kellam, 1991; Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956). The CPT is widely used measure 
of attention differentiated from attention shown during performance on the achievement task or solitary 
play, because the attention in such times might be affected by their primary knowledge or creativity 
(Allhusen et al., 2003; Razza, Martin, & Brooks-Gunn, 2010). Children’s performance during the CPT 
showed high construct validity in measuring their attention (Halperin, Sharma, Greenblatt, & Schwartz, 
1991) and revealed adequate predictive validity (Barkley, 1994; Campbell, 1994). One study showed 
adequate test-retest reliability (rs = .65) of the sustained attention measures derived from the CPT in a 
sample of 138 non-referred boys (Halperin et al., 1991). 
Toward the end of 2 ½ hour laboratory visit, the CPT was administrated with each child. Children 
were seated in front of 2-inch square screen presenting dot matrix pictures of familiar objects (e.g., 
butterfly, fish, or flower) and a red button. The researcher asked children to hit the button “as fast as you 
can” each time the target stimulus appeared on the screen. The target stimulus was a dot matrix picture of 
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a chair and letter X at 54 months and age 7-8, respectively. The total of 220 stimuli were shown in 22 
blocks and ten stimuli were present in each block. The target stimuli randomly appeared in each block 
twice for a total of 44 presentations, which leaves 176 presentations of non-target stimuli. The stimuli 
were present for 500sec and the test session lasted for 7 minutes and 20 seconds (NICHD Early Child 
Care and Youth Development, 1995h). The CPT for 6-7-year old children was conducted with the same 
procedure, but stimuli were shown in 30 blocks during 200sec and the test was taken during 
approximately 8.5 minutes. The intervals between the stimuli were 1500 msec for both assessments. The 
computer automatically recorded a number of statistics including the correct response time, incorrect 
response time, omission, or late response time (NICHD Early Child Care and Youth Development, 
1995h, 1998). In this study, the percent of correct responses across all target stimuli was used to indicate a 
child’s sustained attention, with higher scores indicating greater attention.  
Food Consumption 
Information regarding healthy and unhealthy food consumption was obtained at 11-12 years of 
age using the “My eating habits and the way I look at age 13 years” questionnaire (Hater, 1988; Youth 
Risk Behavior Survey for middle/intermediate school, Centers for Disease Control). This questionnaire 
consists of 27 items divided into three categories: children’s satisfaction with their physical appearance; 
weight control behaviors; and dietary choices. Only the items referring to dietary choice were used this 
study. In the section of dietary choice, children were asked to think of all the meals and snacks they ate 
the day before from the time they got up until the time they went to bed at home, school, restaurants or 
anywhere else. The children answered the question, “Yesterday, how many times did you eat or drink the 
following?” with respect to 8 different foods/drinks: 1) fruit juice; 2) diet soda (such as Diet Coke or Diet 
Pepsi); 3) regular soda (such as Coke, Pepsi, Sprite, Root beer); 4) a green salad or other raw vegetables; 
5) cooked vegetables; 6) hamburger/hotdogs or sausage; 7) French-fries, onion rings, pretzels, or potato 
chips; 8) cookies/doughnuts, pie or cake; and 9) fruits. Children responded on a 4-point Likert scale that 
ranges from 0 (never) to 3 (three or 4 times or more). In the analysis sample, the raw items indicating 
healthy food consumption (i.e., raw vegetables, cooked vegetables, and fruits) showed modest internal 
consistency (3 items, Cronbach’s alpha = .54), and the remaining six items representing unhealthy food 
consumption also showed modest internal consistency (6 items, Cronbach’s alpha = .51). 
Statistical Controls 
Considering the extant literature regarding salient risk factors of or protective factors against 
obesity, the following variables were chosen as statistical controls: child gender, maternal education, 
family income, child negativity emotionality, and negative parenting. Child sex and maternal years of 
education were obtained from mother responses on demographic questionnaires when children were 6 
months old. Family financial status was defined by an income-to-needs ratio, a standard measure of a 
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family's economic situation (U.S. Department of Commerce, 1997). This income-to-needs ratio was 
computed by taking the family income (exclusive of federal support) at the 15, 24, and 36-month time 
periods and dividing it by the federal poverty threshold for that family. The federal poverty baseline of a 
household with 4 family members was $13,924 in 1991 (retrieved from 
https://files.eric.ed.gov/fulltext/ED402077.pdf). Ratios below 1.00 indicated that the income for the 
respective family is below the official definition of poverty (NICHD Study of Early Child Care and Youth 
Development, 1994c). The proportion of families in poverty in analysis sample were 15.8%, 14.6%, and 
16.5% at 15, 24, and 36 months, respectively. 
Children’s temperamental negative emotionality was assessed using mother reports on a revised 
version of the Early Infant Temperament Questionnaire (EITQ) at 6 months (Carey & McDevitt, 1978). 
The EITQ consists of 55 items capturing five dimensions of temperament: activity level (e.g., "My baby 
moves about much [kicks, grabs, squirms] during diapering and dressing"), approach to new situations 
and people (e.g., "My baby accepts right away any change in place or position of feeding or person giving 
it"), intensity of emotions (e.g., "My baby displays much feeling [vigorous laugh or cry] during diapering 
or dressing"), negative mood (e.g., "My baby is fussy [frowns, cries] on waking up or going to sleep”), 
and adaptability (e.g., "My baby accepts his/her bath any time of the day without resisting it"). Mothers 
rated items on a scale from 1 (almost never) to 6 (almost always). Internal consistency coefficients of the 
five dimensions of temperament ranged from .53 to .71 (NICHD Early Child Care and Youth 
Development, 1992d). To create a score of negative emotion reactivity to be used in analysis, the scores 
of three subscales (i.e., mood, intensity and adaptability) were combined. A few items were reversed 
scored for directionality, such that a high value reflects high negative mood, low adaptability, and high 
intensity (α = .81). This same approach was used in a recent analysis of the SECCYD temperament 
literature (Stright, Gallagher, & Kelley, 2008).    
Maternal negative parenting practice was obtained from videotaped semi-structured mother and 
child play during home visit at 15 months and laboratory visit at 24 months. To observe mother and child 
behaviors during the play, three bags with numbers on each bag (i.e., #1, 2, 3) were prepared, and one toy 
was placed in each bag. Mothers and children were given three bags and asked to play for 15 minutes 
starting from a toy in bag #1 and finishing with bag #3. The toys used in the observation included a story 
book (“Good Dog Carle), toddler kitchen, and a discovery cottage by Fisher Price (NICHD Early Child 
Care and Youth Development, 1992e). The toys could be used in a variety of ways such as naming, 
manipulative play, pretend paly, and functional play. Mothers were instructed to play with their children 
for 15 minutes and to explore all three toys.  
Two aspects of maternal behaviors were used as indicators of negative parenting practice; 
intrusiveness and negative regard for the child. Intrusiveness was defined as mothers’ behaviors that do 
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not allow her child to influence the pace or focus of play and that impose her agenda on the child (NICHD 
Early Child Care and Youth Development, 1992e). Some markers of intrusive behaviors included taking 
away toys while the child continues to show his/her interest without reasonable explanation, insisting that 
the child does something (i.e., play or interact) that he/she is not interested, not allowing the child to make 
a choice, and not allowing the child to lead the pace or focus of play. Negative regard for the child 
involved the frequency and intensity of a mother’s negative feelings toward her child. Specific behaviors 
included negative voice when correcting, harshness, threatening the child, and excessive roughness in 
wiping the child’s face or changing his/her diaper. A global 4-point scale (1 = not at all characteristic, 4 = 
highly characteristic) was used to rate maternal intrusiveness and negative regard for child (NICHD Early 
Child Care and Youth Development, 1992f). The inter-rater reliability of intrusiveness and negative 
regard at 15 months was .77 and .62 respectively when comparing 195 pairs of mothers (NICHD Early 
Child Care and Youth Development, 1994d). At 24 months, inter-rater reliability from comparing 212 
pairs of scores was .69 for intrusiveness and .76 for negative regard (NICHD Early Child Care and Youth 
Development, 1995i). The analysis sample showed an internal consistency coefficient of .65 across the 
two negative aspects of parenting behaviors. A composite score was created by summing the 
intrusiveness and negative regard ratings for each child, and this score was used in the analysis.  
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Table 3. Summary of Measures 
Latent factors Measured variables Assessment Age α -Level 
Parental stress 
Life Stress Home visit interview 15,24,36M 
.38(15M) 
.31(24M) 
.33(36M) 
Depression 
Center for Epidemiological Studies 
Depression Scale (CES-D) 
(Radloff, 1977) 
15,24,36M  
.90(15M) 
.91(24M) 
.90(36M) 
Maternal health Home visit interview 15,24,36M - 
Attachment 
Strange Situation 
Procedure 
Strange Situation Procedure 
(Ainsworth et al., 1978) 
15 months - 
Attachment Q-sort 
Attachment Q-sort 
(AQS; Water, 1987)  
24 months - 
Modified Strange 
Situation Procedure 
Modified Strange Situation Procedure 
(MSSP; Cassidy, Marvin, & the MacArthur 
Working Group on Attachment, 1992) 
36 months - 
Self-regulation 
Delay gratification 
Self-imposed waiting task 
(Mishchel,1974 & 1981) 
54 months - 
Sustained attention 
Continuous Performance Task (CPT) 
(Mirsky, Anthony, Duncan, Aheam, & 
Kellam, 1991) 
Age 4.5-7  - 
Persistence Semi-structured parent-child interaction Age 4.5-7 - 
Food 
consumption 
Healthy Food 
consumption 
“My eating habits and the way I look at age 
13 years” questionnaire (Hater, 1988) 
Age 11-12 .54 
Unhealthy Food 
consumption 
“My eating habits and the way I look at age 
13 years” questionnaire (Hater, 1988) 
Age 11-12 .51 
Adolescent 
obesity risk  
BMI z-score 
Weight (kg) divided by height in meters 
squared (m2) 
Age 15 - 
Triceps Skinfold 
Thickness 
Triceps and subscapular thickness Age 15 - 
Early BMI BMI z-score 
Weight (kg) divided by height in meters 
squared (m2)  
15,24,36M - 
BMI at age 8-9 BMI z-score 
Weight (kg) divided by height in meters 
squared (m2) 
Age 8-9 - 
Family income 
Family income-to-need 
ratio 
Family income divided by the federal 
poverty threshold for that family 
15,24,36M - 
Maternal 
education 
Mother’s education 
year 
Demographic questionnaire 6 months - 
Negative 
temperament 
Mood  
Early Infant Temperament Questionnaire 
(EITQ; Carey & McDevitt, 1978) 
6 months .81 Intensity 
Adaptability 
Negative 
parenting 
practice 
Intrusiveness Semi-structured mother and child play 
during home visit (3 bag episode) 
15,24M .65 
Negative regard 
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Table 4. Descriptive Statistics for Model Variables 
  M  SD Range N 
Attachment  .612 .298 0.00 - 1.00 1079 
Parental stressor     
   Depression 9.021 6.740     0.00 - 37.67 1079 
   Health 3.148 .580 1.00 - 4.00 1171 
   Total life stress 1.196 .774 0.00 - 4.67 1173 
Self-regulation     
   Delay of gratification 4.477 3.007 0.00 - 7.00 961 
   Persistence 5.249 .942 2.00 - 7.00 961 
   Sustained attention                  .850 .107 0.40 - 1.00 923 
Heathy Food Consumption     
   Raw vegetables .680 .832 0.00 - 3.00 1011 
   Cooked vegetables .510 .752 0.00 - 3.00 1011 
   Fruit 1.240 .990 0.00 - 3.00 1011 
Unhealthy Food Consumption     
Fruit Juice 1.150 .990 0.00 - 3.00 1011 
Diet soda .390 .773 0.00 - 3.00 1011 
   Regular soda 1.130 1.028 0.00 - 3.00 1011 
   Hamburgers/hotdogs .620 .790 0.00 - 3.00 1011 
   French fries .870 .864 0.00 - 3.00 1011 
   Cookies/doughnuts .690 .824 0.00 - 3.00 1011 
Weight Status      
   Early BMI z-score across 36 months .370 .872 -4.46 - 3.81 742 
   BMI z-score at age 8-9 years .541 1.046 -4.89 - 2.76 936 
   BMI z-score at age 15 years .571 .995 -3.08 - 3.09 844 
   Total skinfold measures 27.702 12.719  7.00 - 91.5 867 
Covariates     
Income-to-needs ratio  3.645 2.936 0.00 - 23.58 1148 
   Negative emotional reactivity 3.174 .401 1.54 - 4.72 1209 
   Negative parenting practice 2.600 .832 2.00 - 8.00 1149 
   Maternal education 14.350 2.504 7.00 - 21.00 1237 
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Analytic Strategy 
The preliminary analyses were conducted using the Statistical Package for Social Sciences 
(SPSS) Version 24.0 (IBM Analytics, 2016) to provide descriptive information about the data. Structural 
Equation Modeling (SEM) framework was used within Mplus 7.3 (Muthén & Muthén, 1998-2015) to 
perform the measurement model analysis (Confirmatory Factor Analysis: CFA), and full structured model 
analysis (Anderson & Gerbing, 1988; Hox & Bechger, 1998). 
A CFA tested whether the theoretical constructs represented by latent variables in the model are 
significantly related to a set of manifest observed indicator variables, and if there is factorial invariance in 
the measurement model. In addition, the latent indicator approach is beneficial in decreasing 
measurement error (Kline, 2011). The latent measurement model was created with all possible 
covariances among latent variables (i.e., parental stress, attachment, self-regulation, eating behaviors, and 
obesity risk), and analyzed to determine fit of the conceptualized latent model as well as invariances of 
factor loadings. It is expected that factor-loading scores (regression coefficients) from multiple indicators 
that are presumed to measure a common construct are correlated above .40 (Matsunaga, 2010). In 
addition, several model fit indices were used to confirm the proper measurement model, including Chi-
Square (p > 0.05, nonsignificance), Root Mean Square Error of Approximation (RMSEA, < 0.08), 
Confirmatory Fit index (CFI; > 0.90), and Tucker-Lewis Index (TLI; > 0.90) (Browne & Cudeck, 1993; 
Byrne, 2012). Given that Chi-Square tends to increase with a large number of samples greater than 200, 
relative CMIN (CMIN/df) was also used because it is less influenced by sample size. Values between 1 
and 2 indicate good model fit (Hair, Black, Babin, Anderson, & Tatham, 1998). 
Once proper measurement models were specified, path analysis (PA) was conducted to test the 
hypothesized structural relations among multiple independent and dependent variables. Each path shown 
in the model can be interpreted as a standardized regression weight and compared for effect size estimates 
(Hendrie, Coveney, & Cox, 2012). In path analysis, the covariance matrix of the latent and observed 
variables in the data was compared to the reproduced covariance from the hypothesized SEM (Voth-
Gaeddert, Stoker, Cornell, & Oerther, 2018). When the hypothesized structural model showed a good fit 
to the data in accordance with the model fit indices, the magnitude and significance of indirect and direct 
effects were calculated using bootstrapped samples with 10,000 iterations and bias-corrected confidence 
intervals in SEM. Bootstrapping provides more valid information about mediation than the Sobel test 
because it does not rely on the tenuous assumption of normal distribution of indirect effects (Edwards & 
Lambert, 2007).  
Finally, because full information maximum-likelihood (FIML) estimation is somewhat sensitive 
to non-normality (Enders, 2001a), both standard FIML and Maximum-likelihood (MLR) that is robust to 
non-normality were carried out and compared to ensure valid estimates. No differences were found 
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between the results from each estimation in terms of model indices and significance and magnitudes of 
regression coefficients, therefore the results from standard FIML are reported. 
 
Results 
Descriptive Analysis 
Zero-order bivariate correlations, independent sample t-tests, and analyses of variance (ANOVA) 
tests were performed when appropriate. First, descriptive analysis showed approximately normal 
distributions for all variables except family income-to-needs ratio and negative parenting practice, which 
were found to be positively skewed. Therefore, associations between these variables and other study 
variables were calculated using the non-parametric Spearman rank-order correlation.  
Bivariate correlations. As seen in Table 5, Pearson’s bivariate correlations revealed that 
attachment security in early childhood was negatively related to maternal depression (r = -.144, p = .000) 
and total life stress (r = -.098, p = .000), but showed positive associations with maternal health (r = .113, 
p = .000) and three indicators of child self-regulation (i.e., [r = .131, p = .000] for delay of gratification, [r 
= .185, p = .000] persistence, and [r = .161, p = .000] sustained attention). Out of 9 food items, early 
attachment security was found to be negatively associated with regular soda (r = -.098, p = .004) and 
French fry (r = -.077, p = .022) consumption. However, it was not significantly associated with z-BMIs 
across childhood and at age 15, nor was it significantly related to the total skinfold assessment at age 15.  
Parental stressors (i.e., maternal depression, health, and total stress) were significantly correlated 
with child self-regulation measures except that there was no significant association between maternal total 
life stress and child persistence (r = -.051, p = .119). In detail, maternal depression was negatively 
associated with delay of gratification (r = -.173, p = .000), persistence (r = -.113, p = .001), and sustained 
attention (r = -.149, p = .000). Maternal health was found to be positively related to delay of gratification 
(r = .099, p = .003), persistence (r = .102, p = .002), and sustained attention (r = .134, p = .000). Maternal 
total life stress related to delay of gratification (r = -.111, p = .001) and sustained attention (r = -.106, p 
= .001) in a negative direction. Regarding the association between parental stress with child food 
consumption, only maternal total life stress was negatively associated with a healthy food item, which is 
child raw vegetable consumption (r = -.065, p = .045) and it also has a positive correlation with fruit juice 
consumption (r = .104, p = .001); and maternal depression was also found to be related to child fruit juice 
(r = .067, p = .046) and hamburger consumption (r = .074, p = .027). Mothers who reported being more 
stressed (r = .072, p = .026) and depressed (r = .102, p = .002) had children who reported drinking 
relatively more sugary soda, but maternal health was negatively associated with sugary soda consumption 
(r = -.128, p = .000). Maternal depression and health were also found to be significantly associated with 
child z-BMI across all developmental periods in this analysis (i.e., early and middle childhood, and 
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adolescence) as well as the skinfold measure in adolescence in expected directions. However, maternal 
total life stress was only positively associated with BMI z-score in early childhood (r = .102, p = .006) 
and adolescence (r = .084, p = .017).  
With respect to child self-regulation variables, both delay of gratification and sustained attention 
were found to be significantly and negatively associated with the consumption of diet and sugary sodas, 
hamburgers/hotdogs, and French fries (r’s ranging from -.092 to -.176, p’s < .001). However, only delay 
gratification was significantly associated with adolescent’s z-BMI scores (r = -.137, p < .000) and total 
skinfold assessments (r = -.140, p < .000). Persistence was negatively related to diet soda (r = -.104, p 
= .002) and sugary soda consumption (r = -.101, p < .003) and it was also significantly associated with 
adolescent’s z-BMI scores (r = -.111, p = .002) and total skinfold (r = -.147, p = .000).  
Given all dietary choices, diet soda consumption was positively correlated with BMI z-scores 
across all developmental periods (r’s ranging from .099 to .150, p’s < .001) and skinfold thickness (r 
= .117, p = .001). Sugary soda also showed a positive relation to BMI z-score at age 15 (r = .80, p = .021). 
Child consumption of cookies/doughnuts, however, was negatively associated with BMI z-scores in 
early/middle childhood and adolescence (r’s ranging from -.097 to -.132, p’s < .001), which was not in 
the expected direction.  
Examination of the statistical control variables revealed that maternal education was significantly 
related to all model variables except early BMI z-scores and consumption of cookies/doughnuts and fruit 
juice (Table 5). Early child negative emotionality was positively correlated with mother total stress (r 
= .063, p = .032), child consumption of sugary soda (r = .099, p = .002), and the total skinfold measure (r 
= .104, p = .002), and it also showed negative associations with maternal education (r = -.128, p = .002), 
maternal depression (r = -.176, p = .000), maternal health (r = -.180, p = .000), early attachment security 
(r = -.094, p = .002), delay of gratification (r = -.079, p = .015), and persistence (r = -.086, p = .008).  
Spearman correlations revealed that family income-to-needs ratio was significantly associated 
with all variables except four unhealthy food items (i.e., diet soda, fruit juice, French fries, 
cookies/doughnuts) and early z-BMI scores. In addition, negative parenting practice was found to be 
associated with all measures but five foods items (i.e., cooked vegetable, diet soda, fruit juice, French 
fries, and cookies/doughnuts) and two anthropometric measures (i.e., early z-BMI score and age 15 
skinfold measure). 
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Table 5. Zero-order Correlations among Model Variables 
   Correlation Coefficients                                       
   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
1 Attachment _                                               
     Parental Stressors                         
2 Maternal depression -.144*** _                       
3 Maternal health .113*** -.405*** _                      
4 Maternal total life stress -.098** .275*** -.251*** _                     
     Self-regulation                         
5 Delay of gratification .131*** -.173** .099** -.111** _                    
6 Persistence .185*** -.113** .102** -.051 .219*** _                   
7 Sustained attention .161*** -.149*** .134*** -.106** .234*** .239*** _                  
     Healthy food                         
8 Raw vegetable .059 -.035 .012 -.065* .039 .023 .039 _                 
9 Cooked vegetable .022 -.002 -.035 .029 -.028 .029 .026 .282*** _                
10 Fruit .025 -.003 .023 .011 .036 .021 .003 .332*** .248*** _               
     Unhealthy food                         
11 Fruit Juice -.016 .067* -.059 .104** -.054 -.046 -.060 .160*** .136***  .317*** _              
12 Diet soda -.006  .026 -.026   -.015 -.094** -.104** -.136*** .158***   .036 .165*** .086** _             
13 Regular soda -.098** .102** -.128*** .072* -.176*** -.101** -.131*** -.046   .012 -.094** -.003 .055 _            
14 Hamburgers/hotdogs -.017 .074* -.044 .019 -.119** -.061 -.113** .018 .102** .163*** .083** .101** .250*** _           
15 French fries -.077*    -.003 -.020 .042 -.118** -.020 -.092** .031   .039 .105** .105** .107** .269*** .377*** _          
16 Cookies/doughnuts -.008 .039 -.024 .051 -.027 -.064 -.053 .013   .042 .163*** .123*** .047 .143*** .270*** .303*** _         
     Weight Status                         
17 Early z-BMI  -.024 .093* -.108** .102** -.067 -.062 -.022 -.019 -.010 .019 -.008 .099* .016 -.012 -.007 -.111** _        
18 z-BMI at age 8-9 years -.042 .085* -.092** .055 -.057 -.037 .025 .036 -.006 .002 -.017 .150*** .037 -.016 -.058 -.132*** .494*** _       
19 z-BMI at age 15 -.039 .143*** -.109** .084* -.137*** -.111** -.049 .046 -.004 -.034 -.030 .136*** .080* .057 -.015 -.097** .380*** .772*** _      
20 Total skinfold measure -.023 .131*** -.104**   .028 -.140*** -.147*** -.064 .065 -.013 .002 -.056 .117** .043 .004 -.044 -.051 .258*** .560*** .717*** _     
     Covariates                         
21 Income-to-needs ratioa .167*** -.328*** .251*** -.245*** .273*** .147*** .167*** .196***     .085** .085** .030 .005 -.150*** -.161*** -.057 .003 -.042 -.149*** -.225*** -.209*** _    
22 Maternal education .175*** -.317*** .271*** -.240*** .247*** .164*** .181*** .118***    .062* .104** .017 -.074* -.203*** -.145*** -.121*** -.006 -.060 -.128*** -.196*** -.177**  .533*** _   
23 Negative temperament -.094** .176*** -.180*** .063* -.079* -.086** -.031 -.032 -.019 .002 .058 .018 .099** .049 -.040 .024 -.014 -.005   .033 .104** -.128*** -.128*** _  
24 Negative parenting practiceb -.225*** .255*** -.178*** .164*** -.261*** -.136*** -.130*** -.093** -.041 -.070* .026 .057 .108** .085** .042 -.025 .034 .107** .153*** .029 -.347*** -.362*** .128*** _ 
a,b The correlation coefficient related to income-to-needs ratio and negative parenting practice were from Spearman’s correlation. * p < .05, ** p < .01, ***p < .001        
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Independent sample t-tests and ANOVA. Independent sample t-tests were used to test gender 
differences in study variables. The findings indicated that girls were more likely than boys to be securely 
attached to their mothers during early childhood, have mothers lower on negative parenting, eat fewer 
unhealthy foods (i.e., hamburgers/hotdogs, regular sodas, diet soda, and french fries) and have higher 
skinfold measures at age 15 (Table 6).   
 
 
 
 
Table 6. Results of T-test and Descriptive Statistics for Study Variables by Sex 
        Male                                    Female 
95% CI for Mean   
Difference 
  
  
   M   SD   N   M  SD  N    t       df 
Attachment  .588 .303 547 .637 .292 532      -.084,  -.013      -2.680** 1077 
Depression 8.846 6.793 553 9.205 6.685 526 -1.164,   .446   -.875 1077 
Health 3.148 .588 598 3.147 .571 573 -.065,   .067   .032 1169 
Life stress 1.233 .805 599 1.156 .738 574 -.012,   .165  1.691 1171 
Delay of 
gratification 
4.296 3.039 465 4.645 2.968 496 -.729,   .031 -1.800 959 
Persistence 5.305 .914 479 5.191 .967 482 -.005,   .233 1.876 959 
Sustained attention .845 .108 458 .854 .106 465 -.023,   .004 -1.314 921 
Cooked vegetable .500 .752 508 .530 .751 503 -.118,   .068 -.526 1009 
Raw vegetable .640 .808 508 .720 .853 503 -.184,   .021 -1.567 1009 
Fruit 1.210 .997 508 1.270 .982 503 -.186,   .058 -1.023 1009 
Fruit juice 1.210 .999 508 1.090 .978 503 -.003,   .241 1.916 1009 
Diet Soda .470 .862 508 .310 .663 503 .066,   .255 3.318** 951.302 
Regular Soda 1.270 1.052 508 .990 .985 503 .154,   .405 4.363*** 1005.845 
Hamburger/Hotdog .760 .844 507 .480 .705 503 .186,   .378 5.770*** 979.766 
French Fries .940 .887 508 .800 .834 503 .041,   .254 2.727** 1009 
Cookies/doughnuts .670 .845 508 .710 .802 503     -.144,   .059        -.819 1009 
Total skinfold  24.691 13.588 433 30.706 11.010 434      -7.665,  -4.367 -7.161*** 828.611 
Negative 
temperament 
3.158 .396 622 3.190 .405 587 -.078,    .013      -1.403   1207 
Negative parenting 2.667 .857 590 2.530 .799 559  0.041,  0.232       2.795** 1147 
Note. ** p < .01, *** p < .01 
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In addition, ANOVA analysis found mean differences in study variables by race/ethnicity. Table 7 
depicts significant differences between groups in attachment, parental stress, self-regulation, healthy and 
unhealthy food consumption, and adolescent BMI and skinfold thickness. Post-hoc analyses using the 
Bonferroni post-hoc criterion for significance indicated that white mothers reported being more educated, 
healthier and less depressed than African-American mothers. Children of white mothers were more likely 
to be secure, have greater self-regulation skills, ate more raw vegetables and less unhealthy foods (except 
diet soda and cookies/doughnuts), and had lower BMI z-scores at age 15 compared to children of African-
American mothers. Children of African-American mothers also reported eating, on average, significantly 
more hamburger/hotdogs and French fries than children whose mothers identified as Asian and “other,” 
respectively. Asian mothers also reported significantly less life stress than did mothers who identified as 
American Indian. Finally, in this analysis sample, African-American mothers were found to use more 
negative parenting practices during early childhood than mothers who identified at white, Asian, 
American Indian, or “other.”  
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Table 7. Results from the Analyses of Variance (ANOVA) Testing Mean Differences in Study Variables by Race/Ethnicity  
 White (1) Black (2) Asian (3) Native American (4) Others (5)    
 M SD M SD M SD M SD M SD p Post hoc η2 
Attachment .629 .296 .488 .298 .681 .261 .500 .183 .519 .307 .000 2 < 1, 3 .026 
Depression 8.600 6.641 12.031 6.812 7.725 4.430 10.524 8.306 12.520 7.727 .000 2 < 1, 3 .030 
Health 3.183 .571 3.010 .585 2.907 .597 2.761 .833 2.817 .513 .000 2, 5 < 1 .021 
Life stress 1.174 .769 1.326 .776 .907 .573 1.857 1.136 1.517 .841 .002 3 < 4 .014 
Delay of gratification 4.794 2.903 2.317 2.798 3.735 3.184 4.733 3.926 3.400 3.300 .000 2 < 1 .070 
Persistence 5.312 .924 4.792 .961 5.087 1.135 5.00 .500 5.333 .942 .000 2 < 1 .031 
Sustained attention .855 .108 .808 .127 .853 .120 .898 .038 .857 .108 .001 2 < 1 .021 
Cooked vegetable .510 .728 .560 .910 .760 .831 .200 .447 .390 .608 .387 n/a .004 
Raw vegetable .710 .828 .450 .834 .710 .644 .400 .894 .780 1.003 .024 2 < 1 .011 
Fruit 1.240 .976 1.190 1.108 1.480 .814 1.400 .894 1.390 1.037 .726 n/a .002 
Fruit juice 1.090 .977 1.480 1.085 1.570 .746 1.200 .447 1.110 .758 .000 1 < 2 .020 
Diet Soda .400 .778 .340 .799 .140 .359 .200 .447 .390 .024 .526 n/a .003 
Regular Soda 1.090 1.009 1.470 1.137 .860 .910 1.000 1.00 .890 .900 .002 1 < 2 .017 
Hamburger/Hotdogs .600 .761 .880 .988 .190 .402 .800 .837 .390 .502 .000 1,3 < 2 .021 
French Fries .850 .854 1.160 .936 .620 .590 .800 .837 .440 .616 .000 1.5 < 2 .020 
Cookies/doughnuts .680 .796 .890 1.014 .480 .602 .200 .447 .560 .784 .029 n/a .011 
Early z-BMI  .371 .863 .408 .957 .141 .771 .104 .598 .404 .948 .823 n/a .002 
z-BMI at age 8-9 .525 1.023 .719 1.043 .120 1.094 .970 .441 .426 1.837 .119 n/a .008 
z-BMI at age 15 .533 1.002 .838 .941 .646 .709 1.194 .972 .302 1.027 .026 1 < 2 .013 
Total skinfold  27.302 12.315 30.205 15.772 27.294 8.020 28.333 13.787 28.933 9.990 .274 n/a .006 
Income-to-needs 
ratio 
3.937 2.973 1.509 1.625 4.507 2.648 2.221 2.375 2.763 2.123 .000 2 < 1, 3 .073 
Maternal education 14.530 2.520 12.950 1.709 15.93 2.571 13.88 2.031 12.850 2.477 .000 2, 5< 3 < 1 .056 
Negative 
temperament 
3.140 .396 3.372 .376 3.301 .433 3.273 .281 3.336 .360 .000 1 < 2 .039 
Negative parenting 2.464 .666 3.541 1.240 2.667 .565 2.642 .802 2.869 .895 .000 1,3,4,5 <2 .173 
Note. The numbers in parentheses in column heads refer to the numbers used for illustrating significant differences in the “Post hoc” column  
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Factor Analysis 
Before conducting the measurement model (CFA) with all latent variables, a preliminary factor 
analysis was performed only with indicators of each latent variable in SPSS ver. 24.0 to confirm the 
factorial invariances among variables. The indicators underlying each latent variable (i.e., attachment, 
parental stress, self-regulation, and obesity risk) had factor loadings over .40 except “food consumption.” 
Out of 9 items, regular soda and raw vegetables were loaded one side, but the rest of eating behaviors 
loaded on the factor (i.e., diet soda, fruit juice, cooked vegetables, hamburgers/hotdogs, French fries, 
cookies/doughnuts, fruit) (Table 8). As such, an alternative factor loading analysis was conducted by 
separating all food items into healthy foods (i.e., raw vegetables, cooked vegetables, and fruit) and 
unhealthy foods (i.e., diet soda, fruit juice, regular soda, hamburgers/hotdogs, French fries, 
cookies/doughnuts) (Table 9). Consequently, fruit juice and diet soda were removed from the unhealthy 
eating variable because factor loading scores were lower than .30 and a Cronbach’s alpha of .511 for six 
unhealthy foods increased to .585 after taking out the two food items. In the final analysis, unhealthy 
eating behaviors included regular soda, hamburgers/hotdogs, french-fries, and cookies/doughnuts, while 
healthy eating behaviors consisted of raw vegetables, cooked vegetables, and fruits. Corresponding to the 
nature of the food consumption data, the hypothesized SR model as well as the CFA were run separately – 
one with the healthy eating latent variable and one with the unhealthy eating latent variable. (Figure 2 and 
3). 
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Table 8. Factor Analysis Food Consumption 
Question: Yesterday, how many times did you eat or drink the following? 
 Factor Loading 
Item    1  2 
Food consumption  
09. Fruit Juice  .472 .303 
10. Diet soda  .348 .108 
11. Regular Soda  .297 -.564 
12. Raw vegetables .424 .552 
13. Cooked vegetables .411 .393 
14. Hamburgers/hotdogs .594 -.412 
15. French fries .581 -.473 
16. Cookies/doughnuts .520 -.473 
17. Fruit .602 .464 
 
 
 
Table 9. Factor Analysis for Healthy and Unhealthy Food Consumption Separately 
 Factor Loading  
Item 1  
Healthy food ( = .543)  
12. Raw vegetables .757  
13. Cooked vegetables .685  
17 Fruit .731  
Unhealthy food ( = .511)                                                                                        1 2 
09. Fruit Juice  .264 .762 
10. Diet soda .266 .522 
14. Hamburgers/hotdogs .545 -.414 
15. French fries .715 -.116 
16. Cookies/doughnuts .746 -.084 
11. Regular Soda .615 .051 
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Figure 2. Final Healthy Structural Model 
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Figure 3. Final Unhealthy Structural Model 
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Measurement Model for Healthy Food Consumption 
The latent healthy measurement model was created with all possible covariances among latent 
variables (i.e., parental stress, attachment, self-regulation, healthy food consumption, and obesity risk) 
and analyzed to determine fit of the conceptualized latent model as well as invariances of factor loadings 
using Mplus 7.3 (Muthén & Muthén, 1998-2015). The healthy measurement model showed an acceptable 
fit to the data (χ2 [45] = 44.382, p = .502, CFI = 1.00, TLI = 1.00, RMSEA = .000 [.000-.018], SRMR 
= .021) with all significant factor loadings above .40 (p = .000) (Figure 4). The findings showed that 
attachment was significantly associated with parental stress (r = -.208, p < .001) and self-regulation (r 
= .344, p < .001). Parental stress and obesity risk were positively correlated (r = .213, p < .05). In 
addition, self-regulation was negatively correlated with parental stress (r = -.435, p < .001) and obesity (r 
= -.270, p < .001). No modification has been followed in this model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Measurement Model for Healthy Food Consumption. Model fit: χ2 [45] = 44.382, p = .502, 
CFI = 1.00, TLI = 1.00, RMSEA = .000 [.000-.018], SRMR = .021. Standardized estimates are 
present. * p < .05, ** p < .01, ***p < .001 
1.00 .41*** .70*** -.59*** .49*** .49*** .50*** .45*** .63*** .53*** .83*** .87*** 
-.435*** 
-.208*** 
.344*** 
.061
-.03
9
.081
-.05
.213
-.270***
.039
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Measurement Model for Unhealthy Food Consumption 
The unhealthy measurement model was created in the same way as the previous model, but the 
unhealthy food consumption variable was used. The model also showed an acceptable fit to the data (χ2 
[56] = 97.667, p = .001, CFI = .975, TLI = .964, RMSEA = .025 [.016-.032], SRMR = .032), and all 
factors were significantly loaded on the latent variable with factor loadings above .40 (Figure 5). In 
addition to the significant covariances among latent variables shown in the healthy model, three 
additional significant associations were found in this analysis: unhealthy food consumption was found to 
be negatively correlated with attachment (r = -106, p < .05) and self-regulation (r = -.338, p < .001), 
while it was positively related to parental stress (r = .136, p < .01). 
 
 
  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Measurement Model for Unhealthy Food Consumption. Model fit: χ2 [56] = 97.667, p 
= .001, CFI = .975, TLI = .964, RMSEA = .025 [.016-.032], SRMR = .032. Standardized estimates are 
present. * p < .05, ** p < .01, ***p < .001 
1.00 .41*** .70*** -.59*** .50*** .47*** .50*** .42*** .59*** .64*** .44*** 
.82*** .88*** 
-.439*** 
-.211*** 
.344*** 
-.106*
.136**
 
-.338*** 
-.051 
.211***
 
-.274***
.020 
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Structural Model for Healthy Food Consumption 
Given the adequacy of the healthy and unhealthy measurement models, full structural models 
were examined in the next step. The hypothesized model for healthy eating behavior was carried out 
while statistically controlling for sex, mother’s education, family income-to-needs ratio, negative 
temperament, and negative parenting practice. The initial healthy model showed acceptable fit (χ2 [106] = 
147.864, p = .005, CFI = .985, TLI = .978, RMSEA = .018 [.000-.024] without meeting the criteria of 
having a nonsignificant Chi-Square. Modification indices were examined, and modifications were made 
to improve the model only if the additional path was theoretically acceptable. A direct path from BMI z-
score at age 8-9 to BMI z-score at age 15 as well as from negative parenting practice to BMI z-score at 15 
years were added subsequently. Chi-Square difference tests revealed that the addition of each path made 
the model fit significantly better, and the changes in the model fit indices are shown in Table 10. The final 
structural model was found to have acceptable fit with the Chi-Square criteria met (χ2  [104] = .122.610, p 
= .103, CFI = .994, TLI = .990, RMSEA = .012 [.000-.020]) (Figure 6). The final model accounted for 
48% of variance in adolescent obesity risk or weight status. 
 
Table 10. Results of the Chi-Square Difference Test for the Full Structural Model for Healthy Eating  
 
Healthy model χ2 df p χ2/df CFI TLI RMSEA SRMR 
 Initial model 147.864 106 .005 1.395 .985 .978 
.018 
(.010 -.024) 
.036 
1 
 
First revised model 
BMI z-score at age 13 
          BMI z-score at 15 
128.863 105 .057 1.227 .992 .988 
.014 
(.000 -.021) 
.024 
 Initial-first χ2 Δ 19.001 1 <.01      
2 
 
Second revised model 
(Final model) 
Negative parenting  
           BMI z-score at 15 
122.610 104 .103 1.179 .994 .990 
.012 
(.000 -.020) 
.024 
 First -second χ2 Δ 6.253 1 <.05      
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Figure 6. Structural Regression Model for Healthy Food Consumption. Only significant standardized estimates are present. Model fit: χ2 
[104] = .122.610, p =.103, CFI = .994, TLI = .990, RMSEA = .012 [.000-.020]. Statistical controls include sex, mother’s education, family 
income-to-needs ratio, negative temperament, and negative parenting practice. * p < .05, ** p < .01, ***p < .001 
.214*** 
-.209* -.208*** 
.495*** 
.432*** 
.644*** 
.430 -.587 .697 
1.000 
.538 .461 .472 
.445 .642 .524 
.524 .906 
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Seen in Table 11, the results found that attachment security and parental stress had a positive and 
negative impact on self-regulation skills, respectively (β = .214, p < .001 for attachment; β = -.208, p 
< .05 for parental stress). However, both failed to predict eating behaviors, BMI z-score at age 8-9, and 
adolescent weight status. Moreover, early BMI-z scores were not shown to predict obesity risk (β = -.034, 
p = .483) but did predict BMI z-scores at age 8-9 (β = .495, p < .001). In turn, BMI z-scores at age 8-9 
predicted adolescent obesity risk (β = .644, p < .001) as well as z-BMI at age 15 (β = .432, p < .001).  
Significant relations between control variables and model variables were also found. Family 
income-to-needs ratio predicted child self-regulation (β = .120, p <.05) and predicted obesity risk in 
adolescence (β = -.089, p <.05). On the other hand, it was not a significant predictor of children’s healthy 
food consumption (β = .083, p = .168) or BMI z-scores at age 8 to 9 (β = -.078, p = .071). Mother’s 
education was found to be a significant predictor of child self-regulation (β = .147, p <.05) and healthy 
food consumption (β = .161, p < .01). Maternal negative parenting also predicted child self-regulation (β 
= -.199, p < .01) and obesity risk (β = -.099, p < .05), and positively predicted BMI z-scores at age 8-9 (β 
= .093, p < .05) and BMI z-scores at age 15 (β = .050, p < .05). Early child negative emotional reactivity 
was predictive of adolescent obesity risk only (β = .079, p < .05), and total skinfold at age 15 years was 
found to differ by sex (β = -.266, p < .001; male = 1, female = 0), indicating that adolescent boys had 
thinner total skinfold measures than adolescent girls.  
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Table 11. Direct Associations between Study Variables in the Healthy Model  
 Self-regulation 
(age 4.5-7) 
BMI 
(age 8-9) 
Healthy food 
consumption 
(age 11-12) 
Obesity risk 
(age 15) 
Skinfold 
(age 15) 
BMI 
(age 15) 
 
β (SE)   p β (SE)    p β (SE)    p β (SE)    p β (SE)   p β (SE)   p 
Attachment 
.214 
(.046) 
.000 
-.026 
(.035) 
.471 
.023 
(.050) 
.666 
.044 
(.034) 
.249     
Parental stress 
-.208 
(.074) 
.007 
.013 
(.055) 
.818 
.129 
(.076) 
.124 
-.039 
(.054) 
.523     
Early BMI   
.495 
(.031) 
.000   
-.034 
(.044) 
.483     
Self-regulation   
.064 
(.063) 
.384 
.012 
(.091) 
.904 
-.209 
(.063) 
.012     
BMI age 8-9       
.644 
(.042) 
.000   
.432 
(.060) 
.000 
Healthy food 
consumption 
      
.078 
(.040) 
.108     
Family income-
to-needs ratio 
.120 
(.054) 
.017 
-.078 
(.038) 
.071 
.083 
(.056) 
.168 
-.089 
(.040) 
.028     
Maternal 
education 
.147 
(.057) 
.013 
-.041 
(.042) 
.351 
.161 
(.058) 
.008 
-.073 
(.042) 
.135     
Negative 
temperament 
-.001 
(.045) 
.988 
-.026 
(.031) 
.416 
-.021 
(.044) 
.630 
.079 
(.030) 
.019     
Negative 
parenting 
practice 
-.199 
(.051) 
.001 
.093 
(.031) 
.011 
-.086 
(.053) 
.103 
-.099 
(.039) 
.038   
.050 
(.020) 
.024 
sex     
-.047 
(.041) 
.271   
-.266 
(.021) 
.000   
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The significance of indirect effects was assessed by 10,000 bootstrapped samples. Given 
hypothesized mediating relationships, three mediation paths turned out to be significant (Table 12). The 
relationship between early attachment and adolescent obesity risk was significantly mediated by the 
ability of self-regulation in middle childhood (β = -.045, SE = .020, p < .05). The relations of early BMI 
z-scores to BMI z-scores at age 15 (β = .214, SE = .039, p < .001) and adolescent obesity risk (β = .319, 
SE = .034, p < .001) were significantly mediated by BMI z-scores at 8-9 years of age. Moreover, given 
the possible mediation paths from statistical controls to other model variables, negative parenting was 
found to be indirectly related to adolescent obesity risk through self-regulation (β = .041, SE = .019, p 
< .05) and z-BMI at 8-9 years of age (β = .060, SE = .024, p < .05). In addition, it predicted z-BMI at age 
15 through z-BMI at age 8-9 (β = .040, SE = .017, p < .05). 
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Table 12. Bootstrapped Estimates of Standardized Total, Total Indirect, and Indirect Effects from 
Attachment, Parental stress, Early BMI, and Negative Parenting to Adolescent Obesity risk via Self-
regulation and BMI-z at age 8-9 
 Total effect 
(IV-DV) 
Total indirect effect 
(IV-M and other Ms-DV) 
Indirect effect 
(IV-M-DV) 
 
β (SE) 95% CI   p  β (SE) 95% CI p β (SE) 95% CI p 
IV: Early Attachment 
M: Self-regulation 
DV: Obesity risk at age 15 
-.007 
(.040) 
-.085, .071 .867 
-.051 
(.030) 
-.110, .008 .088 
-.045* 
(.020) 
-.084,-.005 .027 
IV: Early parental stress 
M: Self-regulation 
DV: Obesity risk at age 15 
.014 
(.062) 
-.106, .135 .816 
.053 
(.041) 
-.027, .133 .191 
.043+ 
(.022) 
-.001, .088 .055 
IV: Early BMI 
M: BMI at age 8-9 
DV: Obesity risk at age 15 
.285*** 
(.051) 
.186, .384 .000 
.319*** 
(.034) 
.252, .386 .000 
.319*** 
(.034) 
.252, .386 .000 
IV: Early BMI 
M: BMI at age 8-9 
DV: BMI at age 15 
.363*** 
(.033) 
.298, .428 .000 
.363*** 
(.038) 
.298 .428 .000 
.214*** 
(.039) 
.137, .290 .000 
IV: Negative parenting 
M: Self-regulation 
DV: Obesity risk at age 15 
-.013 
(.045) 
-.102, .076 .774 
.086** 
(.029) 
.029, .143 .003 
.041* 
(.019) 
.004, .079 .029 
IV: Negative parenting 
M: BMI at age 8-9 
DV: Obesity risk at age 15 
-.013 
(.045) 
-.102, .076 .774 
.086** 
(.029) 
.029, .143 .003 .060* 
(.024) 
.012, .108 .014 
IV: Negative parenting 
M: BMI at age 8-9 
DV: BMI at age 15 
.077* 
(.039) 
.001, .154 .048 .028 
(.035) 
-.041, .097 .429 .040* 
(.017) 
.007, .074 .019 
    Note. * p < .05, ** p < .01, ***p < .001.  
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Structural Model for Unhealthy Food Consumption  
The unhealthy food consumption structural model was constructed using the same procedure as 
the healthy food consumption model (Figure 7). The difference was unhealthy food consumption was 
represented by 4 unhealthy foods (i.e., regular soda, hamburgers/hotdogs, French fries, and 
cookies/doughnuts). The initial model showed an acceptable fit except the Chi-Square was significant (χ2 
[124] = 260.650, p = .000, CFI = .957, TLI = .939, RMSEA = .030 [.025-.035]). Therefore, modification 
indices were examined and 7 direct paths were added subsequently in the model; 1,2) the relation of sex 
and z-BMI at age 8-9 to cookies/doughnuts; 3) the relation of maternal education to regular soda; 4,5) the 
influence of z-BMI at 8 years and negative parenting practice on z-BMI at age 15; 6) the impact of 
mother’s education on cookies/doughnut; 7) the direct path from negative temperament to regular soda. 
The changes in the model fit indices as each path was included in the model are shown in Table 13. The 
addition of each path increased the model fit (χ2 [117] = 173.165, p = .001, CFI = .982, TLI = .973, 
RMSEA = .020 [.013-.026]). Even though the final model does not meet the requirement of chi-square 
insignificance (p = .001), the relative chi-square (CMIN/df) was 1.48, falling in the acceptable range 
between 1 to 2. The final model represented that 47% of variance in adolescence obesity has been 
explained by predictors.  
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Table 13. Result of the Chi-square Different Test for Full Structural Model for Healthy Model 
 
Unhealthy model χ2 df χ2/df p CFI TLI RMSEA SRMR 
 Initial model 260.650 124 2.10 .000 .957 .939 
.030 
(.025 -.035) 
.037 
1 
First revised model 
Sex         Cookies/ Doughnut 243.698 123 1.98 .000 .962 .946 
.028 
(.023 -.033) 
.037 
 
Initial-first χ2 Δ 16.952 1  <.01     
2 
Second revised model 
BMI z-score at age 8-9 
         Cookies/ Doughnut 
227.055 122 1.86 .000 .967 .952 
.026 
(.021 -.032) 
.032 
 
First-second χ2 Δ 16.643 1  <.01 
    
3 
Third revised model 
Mother’s education  
          Regular soda 
210.123 121 1.74 .000 .972 .959 
.024 
(.019 -.030) 
.029 
 
Second-third χ2 Δ 16.932 1  <.01 
    
4 
Forth revised model 
BMI z-score at age 8-9 
          BMI z-score at 15 
192.107 120 1.60 .000 .977 .967 
.022 
(.016 -.028) 
.028 
 
Third-fourth χ2 Δ 18.016 1  <.01 
    
5 
Fifth revised model 
Negative parenting  
         BMI z-score at 15 
185.703 119 1.56 .000 .979 .969 
.021 
(.015 -.027) 
.028 
 
Fourth-fifth χ2 Δ 6.404 1  <.05 
    
6 
Sixth revised model 
Mother’s education  
         Cookies/doughnuts 
179.213 118 1.52 .000 .981 .971 
.020 
(.014 -.026) 
.028 
 
Fifth-sixth χ2 Δ 6.490 1  <.05 
    
7 
Seventh revised model 
(Final model) 
Negative temperament 
         Regular Soda 
173.165 117 1.48 .001 .982 .973 
.020 
(.013 -.026) 
.027 
 
Sixth-seventh χ2 Δ 6.048 1  <.05 
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.215*** 
-.222* 
-.211*** 
.495*** 
.439*** 
.647*** 
-.112*** 
-.337** 
Figure 7. Structural Regression Model for Unhealthy Food Consumption. Only significant standardized estimates are present. Model fit: 
χ2 [117] = 173.165, p = .001, CFI = .982, TLI = .973, RMSEA = .020 [.013-.026]. Statistical controls include sex, mother’s education, 
family income-to-needs ratio, negative temperament, and negative parenting practice.  * p < .05, ** p < .01, ***p < .001. 
.430 -.586 .698 
1.000 
.539 .453 .473 
.399 .622 .491 
.516 .912 
.607 
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The final model revealed all significant relations that were shown in the healthy eating model and 
the directionality of the relations were also same as the ones in the healthy models. Additional significant 
paths were also found from self-regulation to unhealthy eating (β = -.337, p < .05) and from BMI-z at age 
8-9 to eating cookies/doughnuts (β = -.112, p < .001) (Table 14). 
Results from the model using unhealthy food consumption also documented the same significant 
paths from statistical controls to model variables that were revealed in the healthy eating model with a 
few exceptions. Mother’s education level did not predict unhealthy food eating (β = -.092, p = .146), 
although it was significantly predictive of healthy food consumption. Moreover, contrary to no 
differences between boys and girls in how often they eat healthy foods, the frequency of eating unhealthy 
foods differed significantly between boys and girls, such that boys were more likely to report eating 
unhealthy foods than were girls (β = .220, p < .001). 
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Table 14. Direct Associations between Study Variables in the Unhealthy Model  
 
Self-
regulation 
(age 4.5-7) 
BMI 
(age 8-9) 
Unhealthy food 
consumption 
(age 11-12) 
Obesity risk 
(age 15) 
Skinfold 
(age 15) 
BMI 
(age 15) 
Cookies/ 
Doughnuts 
(age 11-12) 
Regular Soda 
(age 11-12) 
 
β (SE)   p β (SE)     p β (SE)     p β (SE)    p β (SE)     p β (SE)     p β (SE)     p β (SE)     p 
Attachment 
.215 
(.046)) 
.000 
-.031 
(.035) 
.390 
.029 
(.049) 
.583 
.048 
(.035) 
.232     
    
Parental stress 
-.211 
(.074) 
.006 
.012 
(.055) 
.832 
-.061 
(.074) 
.467 
-.032 
(.054) 
.612     
    
Early BMI   
.496 
(.031) 
.000   
-.039 
(.044) 
.422     
    
Self-regulation   
.085 
(.062) 
.242 
-.337 
(.087) 
.004 
-.222 
(.069) 
.016     
    
BMI age 8-9       
.647 
(.044) 
.000   
.439 
(.062) 
.000 
-.112 
(.031) 
.000   
Unhealthy Food 
consumption 
      
-.029 
(.043) 
.571         
Family Income-
to-needs ratio 
.121 
(.054) 
.017 
-.081 
(.038) 
.058 
-.065 
(.054) 
.166 
-.081 
(.040) 
.043         
Maternal 
education 
.147 
(.057) 
.013 
-.046 
(.042) 
.303 
-.092 
(.058) 
.146 
-.062 
(.042) 
.190     
.084 
(.033) 
.012 
-.109 
(.033) 
.001 
Negative 
temperament 
.001 
(.046) 
.983 
-.024 
(.031) 
.443 
-.017 
(.042) 
.730 
.079 
(.030) 
.021       
.074 
(.030) 
.020 
Negative 
parenting practice 
-.198 
(.051) 
.001 
.099 
(.037) 
.006 
-.046 
(.051) 
.439 
-.109 
(.039) 
.029   
.050 
(.020) 
.024     
sex     
.220 
(.040) 
.000   
-.264 
(.022) 
.000   
-.129 
(.032) 
.000   
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Bootstrapping test was followed to confirm the hypothesized indirect influences via self-
regulation, z-BMI at 8-9 years of age, and eating behaviors. As shown in the healthy model, three 
significant indirect paths were found; the mediating effect of self-regulation on the relation between 
attachment and obesity (β = -.048, SE = .022, p < .05) and two indirect paths from early BMI-z score to 
BMI z-score at age 15 (β = .218, SE = .040, p < .001) and to obesity (β = .321, SE = .034, p < .001) 
through self-regulation (Table 15). One additional significant indirect effect was found in the unhealthy 
food consumption model: the relation between early attachment and unhealthy food consumption was 
mediated by child self-regulation (β = -.072, SE = .028, p < .01).  
With regard to the mediation paths related to statistical controls, negative parenting was found to 
be indirectly associated with obesity risk in adolescence through self-regulation (β = .044, SE = .021, p 
< .05) and BMI at age 8-9 (β = .064, SE = .024, p < .01). It also indirectly impacted BMI at age 15 via 
BMI at age 8-9. In addition, the effects of family income-to-needs ratio, maternal education, and negative 
parentings on unhealthy food consumption were significantly mediated by self-regulation skills (Table 
15). 
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Table 15. Bootstrapped Estimates of Standardized Total, Total Indirect and Indirect Effects from 
Attachment, Parental stress, Early BMI, and Statistical controls to Unhealthy food consumption, BMI-z 
at age 8-9, Adolescent obesity risk 
 Total effect 
(IV-DV) 
Total indirect effect 
(IV-M and other Ms-DV) 
Indirect effect 
(IV-M-DV) 
 
β (SE) 95% CI  p  β (SE) 95% CI p β (SE) 95% CI p 
IV: Attachment 
M: Self-regulation 
DV: Obesity risk at 
age15 
-.007 
(.040) 
-.085, .071 .854 
-.055 
(.030) 
-.115, .005 .071 
-.048* 
(.022) 
-.092,-.004 .033 
IV: Parental stress 
M: Self-regulation 
DV: Obesity risk at 
age15 
.011 
(.061) 
-.109, .131 .861 
.043  
(.042) 
-.039, .124 .302 
.047 
(.026) 
-.003, .097 .068 
IV: Attachment 
M: Self-regulation 
DV: Unhealthy food 
-.043 
(.045) 
-.131, .045 .337 
-.072** 
(.028) 
-.127, -.018 .009 
-.072** 
(.028) 
-.127,-.018 .009 
IV: Parental stress 
M: Self-regulation 
DV: Unhealthy food 
.010 
(.073) 
-.133, .153 .889 
.071 
(.038) 
-.003, .145 .060 
.071 
(.038) 
-.003, .145 .060 
IV: Early BMI 
M: BMI at age 8-9 
DV: Obesity risk at 
age15 
.282*** 
(.051) 
.182, .383 .000 
.321*** 
(.034) 
.253, .388 .000 
.321*** 
(.034) 
.253, .388 .000 
IV: Early BMI 
M: BMI at age 8-9 
DV: BMI at age 15 
.363*** 
(.033) 
.299, .428 .000 
363*** 
(.033) 
.299, .428 .000 
.218*** 
(.040) 
.139, .296 .000 
IV: Family income-to-
need ratio 
M: Self-regulation 
DV: Unhealthy food 
-.106* 
(.044) 
-.192, -.020 .016 
-.041* 
(.020) 
-.080, -.001 .044 
-.041* 
(.020) 
-.080, -.001 .044 
IV: Maternal education 
M: Self-regulation 
DV: Unhealthy food 
-.141* 
(.057) 
-.253, -.029 .014 
-.049* 
(.025) 
-.098, -.001 .047 
-.049* 
(.025) 
-.098, -.001 .047 
IV: Negative parenting 
M: Self-regulation  
DV: Unhealthy food 
.020 
(.058) 
-.092, .133 .723 
.067* 
(.029) 
.011, .122 .020 
.067* 
(.029) 
.011, .122 .020 
IV: Negative parenting 
M: Self-regulation 
DV: Obesity risk at age 
15 
-.013 
(.045) 
-.101, .076 .780 
.096** 
(.030) 
.038, .155 .001 
.044* 
(.021) 
.002, .086 .039 
IV: Negative parenting 
M: z-BMI at age 8-9 
DV: Obesity risk at age 
15 
-.013 
(.045) 
-.101, .076 .780 
.096** 
(.030) 
.038, .155 .001 
.064** 
(.024) 
.016, .112 .009 
IV: Negative parenting 
M: BMI at age 8-9 
DV: BMI at age 15 
.080* 
(.039) 
.003, .157 .042 
.029 
(.035) 
-.039, .098 .401 
.043* 
(.017) 
.009, .077 .012 
            Note. * p < .05, ** p < .01, ***p < .001. 
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Sensitivity Analysis 
The healthy and unhealthy food consumption models were carried out without considering weight 
status regarding underweight, normal weight, overweight, or obesity. Using BMI z-score as an outcome 
cannot provide information on whether the results of each model are robust depending on weight status. 
Therefore, additional SR models were run without underweight adolescents who were less than 5% age- 
and gender- adjusted BMI percentile to examine differences in model fit and regression coefficients 
between SR with full sample and the one taking out underweight adolescents. Comparisons between the 
original model and the model without underweight children are presented in Table 16. The SR without 
underweight adolescences presented a good fit to the data with slight improvement of model fit indices in 
healthy model (χ2 [104] = 114.700, p = .22, CFI = .996, TLI = .994, RMESA = .009 [.000-.018]) and 
unhealthy model (χ2 [117] = 170.166, p = .001, CFI = .983, TLI = .975, RMESA = .019 [.013-.025]). In 
addition, the significant paths between factors and indirect effect persisted after removing underweight 
adolescents from the full sample.  
 
 
 
 
 
 
 
Table 16. Result of Comparisons the Model Indices Index between Original Model and the Model 
without Underweight Children 
 Structural Models χ2 df p χ2/df CFI TLI RMSEA SRMR 
1 
 
Healthy model with full 
sample 
122.610 104 .103 1.179 .994 .990 
.012 
(.000-.020) 
.024 
 
Healthy model without 
underweight children 
114.700 104 .22 1.103 .996 .994 
009 
(.000-.018) 
.024  
 χ2 Δ 7.91        
2 
Unhealthy model with full 
sample 
173.165 117 .0006 1.480 .982 .973 
.020 
(.013-.026) 
.027 
 
Unhealthy model 
without underweight 
children 
170.166 117 .001 1.454 .983 .975 
.019 
(.013-.025) 
.027 
 χ2 Δ 3.00        
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Chapter Four: Discussion 
This study set out to examine child self-regulation and food consumption as mechanisms through 
which attachment security and parental stress, during early childhood, influence adolescent obesity risk. A 
Structural Equation Model (SEM) with bias-corrected bootstrapping was used to test these hypotheses 
and revealed that children who were more secure across early childhood were more likely to have higher 
self-regulation skills at 4.5-7 years of age, and higher self-regulation capacities at 4.5-7 years of age 
predicted lower obesity risk at age 15. Children’s self-regulation was also found to mediate the relation 
between early attachment and children’s unhealthy food consumption at around 10 years of age. Notably, 
this mediation effect was not found for children’s healthy food consumption.   
H1. No Indirect Path from Maternal Stress to Obesity via Self-regulation and Food Consumption 
The two hypotheses linking maternal stress and obesity through self-regulation and food 
consumption were found not to be supported. Although, indirect relations through self-regulation can be 
considered marginally significant (p = .054 in healthy food consumption model and p = .061 in unhealthy 
food consumption model). Confirmatory Factor Analysis (CFA) revealed a positive association between 
early maternal stress and obesity in adolescence (r = .213, p < .001 in healthy model, r = .211, p < .001 in 
unhealthy model). However, the significant relation was not supported in the structural models, as 
additional statistical controls were included. Instead, the structural model indicated significant 
associations of maternal stress with attachment security and other early measures (i.e., negative parenting, 
maternal education, family income-to-needs ratio, and negative temperament), which may weaken the 
impact of maternal stress on dietary pattern or obesity risk in adolescence.  
Contrary to the nonsignificant relation between maternal stress and obesity, this study found that 
higher maternal stress hindered the development of self-regulation. During early childhood, children are 
greatly influenced by parents’ availability and capability to parent in responsive ways, and factors or 
conditions that hinder these capacities confer risk for later developmental outcomes. Mothers with 
depression, for example, are likely to show lower responsiveness and fewer coordinated behaviors when 
interacting with their children (Cohn, Campbell, Matias, & Hopkins, 1990; Field, Healy, Goldstein, & 
Guthertz, 1990; Vakrat, Apter-Levy, & Feldman, 2018; Zlochower & Cohn, 1996). Moore and Calkins 
(2004) have indicated that maternal stress prevents children from relying on parents for help to regulate 
negative emotions and fundamentally influencing children’s developing system of self-regulation. In 
addition, children may be directly affected by parent’s self-regulation ability and strategies used. For 
instance, one study indicated high correlations in the use of self-regulation strategies between mothers 
and their 3-to 4-year-old preschoolers in two frustrating emotional episodes (Stansbury & Sigman, 2000). 
If parents do not express appropriate regulation strategies for managing psychological and physical stress 
(i.e., greater depression, higher total life stress, and worse health conditions) and fails to play a 
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scaffolding role in the development of child’s self-regulation, children may develop poor regulation 
strategies. It is noteworthy that parental stress was an independent and significant predictor of self-
regulation while attachment and negative parenting were statistically controlled. Even though this study 
did not confirm that parental stress has a direct influence on food consumption and obesity risk in early 
and middle adolescence, it needs to be considered a potential influence because of its impact on emerging 
self-regulation skills of young children, and because of its association with attachment and negative 
parentings practice. 
Other possible mediators, linking parental stress and obesity, in addition to self-regulation and 
eating behaviors are also plausible. For example, research has indicated that parents, who experience high 
emotional, social, and economical stress in daily life are less likely to have energy and resources to provide 
active and creative atmosphere for children to play inside and outside the home (Golan & Crow, 2004). 
Given than reduced physical activity is a risk factor for being overweight and obese, children’s physical 
activity and sedentary behaviors may function as a mechanism through which stress and obesity are related 
(Dumuid et al., 2018; Janssen et al., 2005). In addition, other important physical, health, and psychological 
stress factors related to parenting are not addressed by this study such as unstable marital relationships, job 
situations, family turmoil, food insecurity, and parent obesity. Chronicity of stressors, and protective factors, 
also need to be considered to get a more comprehensive understanding of how parental stress affects 
obesity-related outcomes.  
H2. Early Attachment and Obesity Risk 
This study extended previous studies by showing that self-regulation mediated the relation 
between early attachment to unhealthy food consumption and adolescent obesity risk. However, the 
analysis revealed no direct relation between early attachment and adolescent obesity risk. This outcome is 
not consistent with two research studies indicating that greater insecurity leads to a higher prevalence of 
obesity at 4 ½ and 15 years of age (i.e., the odds of being obese) (Anderson et al., 2012; Anderson & 
Whitaker, 2011). There may be several reasons for the inconsistent findings including 1) early attachment 
experiences exert influences on obesity-related behaviors differently depending on developmental period 
or context and 2) attachment and obesity variables are constructed in a variety of ways across the studies.  
The idea that the extent to which early attachment influences subsequent development outcomes 
varies, depending on the developmental stage, could explain why no direct relationship between early 
attachment and obesity in adolescence was found. Sroufe and colleagues (1990) suggested that early 
experiences might not always predict subsequent development, but “may again become manifest in 
certain contexts, in the face of further environmental change, or in the face of certain developmental 
issues” (p. 1364). Also, their study suggested that an earlier pattern is not extinct but can be latent, or it 
can never become manifest again in some cases. Accordingly, no impact of early attachment on 
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adolescent obesity risk may suggest that the influence of early attachment on risk for obesity may be 
latent in adolescence. Although, it can reveal its influence on weight status in early childhood (e.g., 4.5 
years of age), as found in a study by Anderson and Whitaker (2011). Comparing the impacts of early 
attachment on multiple BMIs across development can be informative in this regard. In a study examining 
changes in the effects of early maternal sensitivity on child outcomes measured at multiple times across 
development, Fraley et al., (2013) employed a nested model comparison approach, which compares a 
freely estimated model allowing the changes in the influences of early sensitivity on child outcomes at 
multiple developmental periods and a constraint model that imposes equality constrain among the paths. 
By doing so, they revealed enduring influences of early caregiving experiences on subsequent academic 
skills and social competence through age 15 with a greater relation between early caregiving and age 15 
academic skills than the relations estimated at earlier waves (Fraley, Roisman, & Haltigan, 2013). 
Applying this approach may inform further on the associations between attachment and BMIs measured 
over time. In addition, analyses that examine the association between adolescent obesity and concurrent 
attachment assessments (e.g. Attachment Script Assessment) will help to shed light on these associations. 
An alternative explanation is that approaches used across studies to construct attachment security 
and obesity-related variables varied. Anderson and Whitaker (2011) used child attachment security at 24 
months measured by a modified version of the Attachment Q-sort to predict the odds of being obese at 4 
½ years of age. Meanwhile, Anderson and colleagues (2012) used several aspects of attachment-security 
measures, including secure versus insecure dichotomous variable, parental sensitivity at 15, 24, 36 
months, and an aggregate measure of two factors. The study compared the extent to which each factor 
predicted the proportion of obesity at 15 or 13-14 years of age if BMI measures were not provided at age 
15. The authors reported that the combined factor (i.e., parental sensitivity and attachment security) was 
the strongest predictor of obesity at age 15. Moreover, within various types of attachment assessments, 
insecurity assessed with the AQS was the sole attachment predictor of adolescent obesity, while secure 
versus insecure rated from the SSP at 15 and 36 months did not. The present study operationalized 
attachment security as the proportion of times that the children were rated as secure across the 15, 24, and 
36-month period (Steele et al., 2014). Previous studies indicated inconsistent attachment security across 
three time points in the NICHD-SECCYD data (McCartney, Owen, Booth, Clarke‐Stewart, & Vandell, 
2004) and some data suggest that the AQS is a better predictor of developmental outcomes than SSP 
assessments in this data set (Thompson, 2008). In the current study, the different prediction of attachment 
security in each assessment to weight status was indicated in regression analysis such that 24-month-
attachment security measured by AQS significantly predicted BMI-z scores at age 8-9 (β = -.089, p 
= .007) and 15 (β = -.076, p = .030), but attachment security rated in SSP at 15 and 36 months did not 
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predict weight status across all developmental periods and fat distribution at age 15. Therefore, proportion 
scores may have weakened the impact of attachment on the risk for obesity in adolescence.  
Additionally, differences in definitions of “parenting sensitivity” may account for inconsistent 
findings. Parental behaviors that attachment theory concerns include maternal sensitivity and 
responsiveness, especially to child distress. However, maternal sensitivity used in the study of Anderson 
et al., (2012) is a composite of general parenting behaviors shown in the structured parent-child 
interaction of playing with three sets of toys. Such behaviors include sensitivity to non-distress, 
intrusiveness, positive regards, support, respect of autonomy, and hostility. To elucidate the independent 
relation of attachment to obesity, some factors confounding the relation should be controlled during 
analysis. Relatedly, Anderson and Whitaker (2011) found that the association between attachment security 
at 24 months and the odds of obesity at 4 ½ years of age persisted, even after controlling for parent and 
child behaviors during interaction such as maternal responsiveness and child engagement and negativity.  
This study used general parenting behaviors as a statistical control. It involved negative aspects of 
parenting behaviors, indicated by intrusiveness and negative regard toward the child. This definition was 
differentiated from an attachment related parent-child relationship and showed distinct relations in the 
model from the one related to attachment security. Findings revealed that negative parenting practices 
directly predicted BMI at 8-9 and 15 years of age, which is aligned with the results of Anderson et al., 
(2012) showing that early parenting behaviors, named as parent sensitivity, are directly related to 
adolescent obesity. Also, this study showed negative parenting to have a greater risk for being overweight 
and obese at age 15, indicated by increase in BMI and skinfold measure. However, the current study’s 
findings are somewhat contrary to those of Anderson et al., (2012). First, the prediction of negative 
parenting as regards obesity risk at age 15 was opposite to the relation of negative parenting to BMI at 8-9 
and 15 years. The reason for this finding may be because negative parenting is associated with BMI and 
skinfold in different ways, such that negative parenting influence BMI at age 15 negatively, but no 
relation was found between negative parenting and skinfold. In addition, their study revealed that parental 
behavior is a stronger indicator of obesity than attachment security. This study, however, found that 
attachment security is more strongly predictive of self-regulation than negative parenting is (β = .214, p 
= .000 vs β = -.199, p = .000 in healthy model, β = .215, p = .001 vs β = -.198, p = .001 in unhealthy 
model). The chi-square difference test, comparing the chi-square values of the model with freely 
estimated coefficients and the model with the equal constraints between the two relations indicated that 
the difference is significant. (χ2 Δ = 36.199, p < .001 for healthy model, χ2 Δ = 36.18, p < .001 for 
unhealthy model). Accordingly, the indirect relations of attachment to obesity via self-regulation was 
greater than the indirect path from negative parenting to obesity through self-regulation (β = -.045, p 
= .020 vs β = .041, p = .019 in healthy model, β = .048, p = .022 vs β = .044, p = .021 in unhealthy 
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model). However, negative parenting and attachment were significantly associated, and future analysis 
combining attachment with indicators of observed negative interaction might strengthen the findings.  
A reason for inconsistent findings can also be that the present study used skinfold measures in 
addition to BMI z-scores, rather than dividing the sample of children into obese and non-obese groups 
using BMI percentiles (as in the other two studies). The correlation between BMI and skinfold was .717, 
which is similar to one found in the study between body fat index and body mass index (Frignani et al., 
2015). Given that BMI inadequately labels a significant number of healthy children as overweight (Ellis 
et al., 1999), scholars have suggested multi-method approaches. For instance, skinfold measurement may 
enhance the opportunity to track adiposity more accurately (Mendoza et al., 2007; Pecoraro et al., 2003). 
Since individuals experience unique growth patterns at every developmental period, it is especially 
important to recognize developmental period to select accurate and feasible measures. Since young 
children’s bodies are not matured, compared to adults, growth is a more significant factor during early 
childhood than other potential influences, such as metabolic rate and physical activities, for determining 
body composition. Adolescence may be a developmental period during which body fat measure should be 
performed because the body fat distribution increases, especially among teenage girls, at the onset of 
puberty (Blum et al., 1997; Federico, Baroncelli, Vanacore, Fiore, & Saggese, 2003; Kaplowitz, 2008). 
One study showed different trajectories of body fat index according to gender and age by examining 
changes in body fat in Mexican adolescents aged 10 to 15 years. It revealed that boys were more likely to 
have significantly lower body fat than girls. In addition, girls demonstrated a significant mean increase in 
body fat index between pre-puberty and post-puberty stages, while boys expressed decreased mean values 
of body fat (Frignani et al., 2015). The present study did not use age- and gender-adjusted skinfold 
measures. It did not differentiate children into obese and non-obese groups based on BMI percentiles. 
Given the importance of accuracy, addition of skinfold measure adjusting for gender and age would be 
preferred over solely using BMI. Future studies need to consider what measures most accurately assess 
body mass and fat composition across development. 
It is noteworthy that neither early attachment nor self-regulation influenced BMI at 8-9. This 
indicates that an indirect path via self-regulation, from early attachment to BMI at age 8-9, was not 
possible. The addition of skinfold measure with BMI z-score in creating an obesity variable at age 15 may 
increase the degree to which self-regulation predicts obesity, compared to a variable predicting BMI only. 
These findings also underscore the importance of examining weight trajectories over time, and further 
examination of time-varying covariates and possible moderating and non-linear effects.  
H2-2. Self-regulation as a Mediator between Early Attachment and Adolescent Obesity Risk 
Despite requests for researchers to determine the impacts of parenting quality and child self-
regulation on the development of obesity risk (Anderson & Keim, 2016; Harrison et al., 2011), few 
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studies have examined either early attachment or young children’s self-regulation measured by multiple 
methodologies in the prediction of obesity (Anderson & Keim, 2016; Francis & Susman, 2009; Graziano 
et al., 2010, 2011; Schlam et al., 2013; Seeyave et al., 2009). To our knowledge, this is the first 
longitudinal analysis testing the self-regulation of young children as a mediating mechanism underlying 
the relations between early attachment, food consumption, and adolescent obesity risk. The results 
suggest that the quality of early parent-child relationships can impact subsequent adolescent obesity risk 
through its effects on children’s developing capacities for inhibitory and attentional control. Children who 
were rated as secure over time across three assessments in early childhood demonstrated greater self-
regulation in the context of a snack delay, a continuous performance task (CPT), and a parent-child 
interaction task at 4 ½-7 years of age. Higher self-regulation ability, in turn, played a protective role 
against higher BMI and thicker skinfolds at 15 years of age. This finding is consistent with previous 
evidence showing that attachment security in early childhood fosters the development of several aspects 
of self-regulation such as emotion regulation, delay of gratification, and sustained attention (Calkins & 
Fox, 1992; Gilliom et al., 2002; Graziano et al., 2011; McCormick et al., 2016; Nordling et al., 2016; 
Pasco Fearon & Belsky, 2004). Attachment theory highlights the secure parent-child relationship as an 
interpersonal context whereby children experience relief from negative emotions when there is consistent 
caregiver responsiveness to bids of distress. Consequently, children develop healthy responses to stress. 
Bowlby (1988) viewed proximity-seeking and contact-maintaining behaviors expressed by young 
children when threatened or distressed as innate affect-regulation devices. If caregivers are responsive to 
children’s behavioral cues and resolve threats and distress faced, children learn to self-regulate more 
effectively (Belsky & Cassidy, 1994b; Mikulincer, Shaver, & Pereg, 2003). A recent meta-analysis 
supports these claims by documenting that attachment security (versus insecurity) is significantly related 
to top-down effortful control self-regulation in children up to 18 years of age (n = 100, r = .20; Pallini et 
al., 2018).  
In contrast, insecure attachments are interpersonal stressors for children. Research supports this 
notion by showing that children of insensitive parents tend to have prolonged activation and increased 
HPA system responses to daily perturbations compared to children of responsive parents (Albers, Riksen‐
Walraven, Sweep, & Weerth, 2008). The elevated and sustained interpersonal stress experienced during 
early life due to insensitive or inconsistent responsive parenting could impact brain areas that govern 
emotion regulation (Leblanc, Essau, & Ollendick, 2017), some aspects of physiological regulation, and 
energy balance (Dallman, 2010; Lupien et al., 2009). Poor self-regulation across several domains may 
then confer risk for subsequent overweight and obesity.  
Previous findings have indicated that multiple dimensions of general self-regulation (i.e., 
emotional, behavioral, and cognitive regulation) and domain specific (i.e., eating) self-regulation predict 
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weight increase or obesity risk (Francis & Susman, 2009; Graziano et al., 2010). Thus, this study created 
a latent variable of self-regulation, consisting of inhibitory control in snack delay (food-related) and 
sustained attention and persistence (not food related). Results showed that greater ability for 
comprehensive self-regulation across three assessments predicted reduced obesity risk in adolescence, 
indicated by decreases in BMI z-score and skinfold thickness. This finding is consistent with earlier 
findings: children with lower ability of inhibitory control both in snack delay (5 year) and toy delay (3 
year) paradigms are more likely to have higher BMI at each point and show rapid BMI gain across 9 
years (Francis & Susman, 2009); children who did not wait for an entire 7 minutes at 54 months had 
approximately 1.3 times higher odds of being overweight at 11 years of age (Seeyave et al., 2009). 
Additional examples include greater delay of gratification at age 4 years predict lower BMI, computed by 
self-reported height and weight in adulthood at a mean age of 39 years (Schlam et al., 2013); and, the 
ability to delay gratification and regulate emotion (at age 2) were significantly predictive of overweight/at 
risk children at 5.5 years, while no significant influence of sustained attention on weight status was found 
(Graziano et al., 2010).  
Delay of gratification (inhibitory control) has been, overall, the most frequently used self-
regulation assessment in young children that has been examined in the pediatric obesity literature (food- 
and non-food related). Only one study has used sustained attention, but it failed to find a significant 
influence on weight status (Graziano et al., 2010). Responding to the limited use of multiple domains of 
self-regulation as predictors of obesity risk, this study included sustained attention and persistence in the 
model. The CFA revealed that both significantly and equally loaded on the overarching self-regulation 
factor (.50) along with delay of gratification. However, this finding does not provide information about 
the independent contributions of each assessment domain to adolescent obesity risk or healthy/unhealthy 
food intake. As a piece of evidence in this regard, zero-order bivariate correlations revealed different 
associations between self-regulation assessments, BMI, and skinfold. Contrary to inhibitory control and 
persistence, which were both significantly associated with BMI and skinfold levels, sustained attention 
was not associated with BMI or skinfold in adolescence. This could be because sustained attention might 
relate differentially to obesity-related outcomes across food and non-food contexts, or because of the type 
of measurement used. Future studies need to investigate how multiple dimensions and domains of self-
regulation contribute to the development of eating behavior and obesity risk, especially as effortful, self-
regulatory skills develop over time. It is also important to address whether emotion regulation, cognitive 
control, and behavioral control relate to different components of eating behavior (e.g., emotional eating, 
food approach/withdrawal, food reward sensitivity) and obesity risk (metabolic, adiposity distribution) to 
document more nuanced risk and protective factors.   
H3. Self-regulation as a Mediator of the Relation between Early Attachment and Unhealthy Food 
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Consumption 
This study also revealed that greater self-regulation skills in middle childhood reduced the 
consumption of unhealthy foods in early adolescence, although a direct relation between food 
consumption and obesity risk was not indicated. This finding is consistent with previous but limited 
findings showing that improvement of self-regulation strategies in planning and tracking nutrition is 
associated with decreased fat consumption (Anderson et al., 2007), although the literature is inconsistent 
regarding the relations between global self-regulation and the regulation of appetite (Anderson & Keim, 
2016; Saltzman, Fiese, Bost, & McBride, 2018). Furthermore, secure children were more likely to have 
higher self-regulation skills which, in turn, predicted the consumption of less unhealthy foods in middle 
childhood. This relation between self-regulation and unhealthy food intake may be understood, in part, by 
considering impulsivity, emotional eating, and attention control. First, the role of inhibitory control in the 
development of obesity has been supported by a growing body of literature, and that impulsivity coupled 
with obesogenic food environments may confer greater risk for dysregulated eating and overweight/obese 
status. This study did not assess food environments, and future research will be imperative to document 
whether inhibitory control, generally, or impulsivity in unhealthy food environments (reward sensitivity to 
food) is increasing obesity risk. In addition, lower sustained attention measured in the Computer 
Performance Task (CPT), indicated by a greater number of responses to more frequently presented 
inaccurate stimuli than less frequent but accurate stimuli, may result in tendencies to be more easily 
distracted toward reward-sensitive stimuli, such as more palatable foods (Davis, Strachan, & Berkson, 
2004; Holtkamp et al., 2004). 
Second, there is a robust literature linking dysregulation of emotion and emotional eating in 
adults (Michopoulos et al., 2015) and children (Ansari, Ebrahimzadeh Mousavi, Mohammadkhani, 
Aminoroaya, & Sabzainpoor, 2018). Eating has been shown to be one way that individuals cope with 
negative emotion, especially when parents give children food to calm them down in early life (Hardman 
et al., 2016). Emotional eating also functions as a calming activity in the physiologic stress-response 
network (e.g., reduction of ACTH secretion and CFR hyperactivity) (Dallman, 2010). Child persistency in 
engaging in challenging tasks, especially secure children who are participating with caregivers who are 
helping them to regulate, may capture their ability to regulate frustrating emotions in addition to their 
attention level. If so, children who exhibited poor emotion regulation skill at preschool and kindergarten 
ages may rely more on eating as a coping strategy in early adolescence. This strategy can relieve elevated 
but unresolved stress that results from a lack of internal resources (i.e., self-regulation skills). This study 
did not test whether the increase in the ingestion of unhealthy foods was related to emotion distress or 
regulation, or whether it served a consequence of other factors (e.g., hunger). Considering that individuals 
are more likely to seek “comfort foods,” typically favoring increased fat and sugar, during times of stress 
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(Dallman, 2010), it may be that children, who have low self-regulation skills, tend to choose to eat 
unhealthy foods as a way to relieve high stress. Research that compares emotion regulation to 
cognitive/attentional control as mechanisms through which early interpersonal experiences and stressors 
impact obesity-related outcomes is needed.  
Another possible explanation linking self-regulation and unhealthy eating is that those who show 
lower attention control may have difficulty focusing on goal attainment (Lezak, 2004; Ruff & Rothbart, 
2001). Attention control (e.g., sustained attention) is viewed among scholars as important for the ability to 
plan and manage actions in order to pursue a long-term goal (Diamond, 2013). Given that young 
adolescents become concerned more about their body image (Goldfield et al., 2010), greater sustained 
attention to manage and plan actions in pursuit of goals (including maintain healthy weight) may help 
young adolescents to eat less unhealthy foods. 
To our knowledge this is the first study indicating a significant indirect relation between early 
attachment and unhealthy food intake through self-regulation skills. The previous literature linking 
attachment and eating behavior has primarily focused on clinical aspects of eating behaviors with little 
focus on these relations in early or middle childhood. In addition to the indirect path from early 
attachment to adolescent obesity risk through self-regulation, the results of this longitudinal analysis 
magnified the importance of early parent-child attachment and self-regulation skills for both reducing 
unhealthy food consumption and obesity risk. These findings should prompt the further examination of 
regulatory processes provided through histories of attachment-related interactions and regulatory 
processes that impact eating and obesity-related outcomes.  
In contrast to unhealthy food consumption, self-regulation was not predictive of healthy food 
consumption in this analysis. It may be that self-regulation, as it is measured in this study and during this 
developmental period, is especially salient in the context of stress and unhealthy eating. There is evidence 
showing that people under stress are more likely to seek palatable and high-energy foods, typically high 
in sugar and fat (Dallman et al., 2003), and evidence that stress is not related to healthy eating behaviors 
in children aged 8 to 12 years (Hill et al., 2018). It may be that one’s ability to delay gratification, sustain 
attention, and persist become overt and function only in decisions regarding how much unhealthy food is 
consumed, but not necessarily healthy food intake. Regarding the influence of regulatory processes on 
healthy food intake, one study revealed that goal-setting and self-monitoring, as self-regulation strategies, 
increase the consumption of fruits, vegetables, and fiber (Anderson et al., 2007). However, there has been 
no research on the relation between attachment security, self-regulation skills, and healthy food intake. It 
might be that different dimensions of self-regulation (inhibitory control, emotion regulation) relate to food 
consumption in different ways. Nevertheless, these inconsistent findings suggest that more research is 
needed to determine the role of different self-regulatory processes across contexts and domains in 
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determining healthy and unhealthy food intake. 
Food Consumption and Adolescent Obesity Risk 
Surprisingly, food consumption did not predict weight status in this longitudinal analysis. This 
may be a result of the questions that referred to what the individual ate “yesterday” instead of a more 
detailed dietary intake interview across weekends or weekdays to get a more comprehensive assessment 
of quantity and type of foods eaten over time. It is also possible that daily increased healthy and unhealthy 
food consumption is not a barrier to maintaining healthy weight and percent body fat during adolescence, 
because adolescence is a developmental period in which the quantity of foods consumed increases 
dramatically. According to the Dietary Guidelines for Americans 2010 (retrieved from 
https://health.gov/dietaryguidelines/dga2010/dietaryguidelines2010.pdf), girls aged 9 to 13 years 
generally need 1,400 to 2,200 calories and pubescent girls at 14 to 18 years of age require 1,800 to 2,400 
calories each day during puberty to maintain healthy body weights. Boys during puberty need a greater 
caloric intake than girls because they are likely to have more muscle mass and larger body frames. Boys 
at age 9 to 13 need 1,600 to 2,600 calories. On the other hand, teen boys ages 14 to 18 require 2,000 to 
3,200 calories per day (Caprio et al., 1994; Soliman, De Sanctis, & Elalaily, 2014) Therefore, the 
proportion of unhealthy and healthy food consumption in relation to dietary recommendations might be 
more predictive of later weight problems. There are also factors other than food consumption, not 
examined in this study, which may predict adolescent weight status such as low sleep quality (Gupta, 
Mueller, Chan, & Meininger, 2002; Hayes et al., 2018; Patel & Hu, 2008) and physical activity levels 
(Dumuid et al., 2018).  
The inclusion of skinfold measures in addition to BMI z-scores may also account for why food 
consumption did not predict obesity risk in this study. Previous studies did not use skinfold measures as 
an indicator of obesity in relation to self-regulation or early attachment history. Descriptive analyses 
showed that BMI and skinfold assessments are differentially related to predictors used in this study. 
Researchers have consistently called for multiple assessments of weight status in addition to BMI because 
BMI percentile score shows low sensitivity to screen excess adiposity than skinfold measures (Bedogni et 
al., 2003) and fat distributions are more indicative of unhealthy phenotypes (Going et al., 2011). 
Considering that children and adolescents experience different rates of changes in both adipose and non-
adipose tissues depending on the developmental stages, future studies should include multiple 
assessments across developmental to better predict adolescent obesity risk (Going et al., 2011).  
Notably, BMI-z scores at age 8-9 predicted less frequent consumption of cookies and doughnuts 
at age 13, while it did not predict the overall latent factor. Given several types of unhealthy foods, the 
“cookies and doughnuts” group was the only sugary snack type of foods asked about, compared to other 
food examples (i.e., drinking soda, hamburger/hotdogs, and French fries). The recent report in snacking 
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trend among U.S. children documented importance increase in snacking behaviors (i.e., salty snack, 
candy, and dessert) across all child age groups, especially the young, during the past three decades 
(Piernas & Popkin, 2010). Sugar and salty snacks can be distinguished from healthy and unhealthy food 
groups as a separate food category, which are given a greater restriction or limitation by parents regarding 
the amount of intake (Hupkens, Knibbe, Van Otterloo, & Drop, 1998). Parents, whose children have 
higher BMI during elementary school years, may try to restrict their children from eating sugary snacks, 
rather than other types of unhealthy foods. 
Weight Status from Early Childhood to Middle Adolescence 
Regarding associations among multiple BMI measures and a skinfold measure in adolescence, it 
is significant that early BMI-z scores did not predict adolescence obesity risk directly in both healthy and 
unhealthy food consumption models. However, bivariate correlations, between early BMI-z to BMI-z and 
skinfold at age 15, were stronger, compared to other bivariate correlations between model variables. It is 
important to note that family income-to-needs ratio, negative temperament, or negative parenting practice 
measured during early life ages directly predicted obesity risk at age 15, while early z-BMI, considered 
the strongest predictor for BMI development trajectories, did not. Recent study investigating BMI 
percentiles changes over the period from 24 months to age 13 addressed that birth weight and weight gain 
are stronger predictors of BMI percentile trajectories compared to gender and race/ethnicity, but rapid 
weight increase during infancy predicted a high-rising trajectory of BMI and its influences was 
independent of birth weight (Bichteler & Gershoff, 2018). Then, BMI gain may have a greater 
predictability of adolescent obesity risk than averaged BMI score used in the current study. Although a 
direct path from early BMI to BMI at age 15 was not found, early BMI had an indirect effect through 
weight status at 8-9 in the prediction of obesity risk at age 15. This tracking across early and middle 
childhood strengthens the trajectory toward higher BMI and adiposity during adolescence. These data also 
underscore the need to introduce effective prevention programs during early childhood, when both self-
regulatory capacities and dietary and physical activity patterns are actively emerging (Benton, 2004; 
Bronson, 2000a, 2000b).  
Significant Roles of Statistical Controls in the Model 
Previous studies proposed how some factors (i.e., child negative emotionality, hardship arising 
from family financial situation) that may be detrimental to the quality of maternal sensitivity and child 
attachment security need to be considered so that they can reveal their unique effects on obesity risk 
(Anderson et al., 2012). Accordingly, this study included a number of statistical controls including sex, 
family income-to-needs ratio, maternal education, negative parenting practice, and negative emotional 
reactivity at early childhood. Although they were used as statistical controls in pursuit of model 
parsimony during analytic procedures, significant relations to self-regulation, food consumption, and 
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weight status at age 15 were revealed. In addition, they played an important role in clarifying unique 
contributions of attachment and parental stress to food consumption and adolescent obesity risk.  
Regarding family financial status, this study revealed that children who resided in families with 
higher income-to-needs ratios in early childhood were more likely to have greater abilities to self-regulate 
and had lower obesity risk at age 15. The findings support the previous evidence that children living in 
low income households are more likely have lower self-regulation (Blair & Raver, 2012; Evans & Kim, 
2013). In addition, this study extended the previous studies linking family income-to-needs ratio and child 
food consumption by showing that family income-to-needs ratio influenced child unhealthy food 
consumption, but not healthy food intake, indirectly via self-regulation skill. On the other hand, income-
to-needs ratio did not predicted BMI at age 8-9. This may be because the influences of family income on 
dietary intake and weight gain differ by age such that family income is a stronger predictor of weight 
status of older children (aged 12 to 17) whereas negative parenting behaviors such as low cognitive 
stimulation and low emotional support are stronger antecedent predictors of overweight and obesity risk 
in children 5 to 11 years (Garasky et al., 2009). In addition, the mediated relation, linking income-to-
needs ratio and obesity through self-regulation and healthy/unhealthy food consumption, was not found to 
be significant. Compared to attachment security and negative parenting, which influenced obesity risk in 
adolescence through self-regulation, family income only showed a direct relation to adolescents’ BMI and 
fat distribution status. Another possible mechanism explaining the link from family income and obesity 
risk could be neighborhood context. Low-income families may live in higher crime areas and have less 
safe outside play areas, which consequently may increase sedentary behaviors (e.g., increasing screen 
times) and greater obesity risk.  
Mother’s education level was positively related to self-regulation capability. Importantly, it was 
the only predictor of healthy food consumption. Although it did not show a significant relation to 
unhealthy food consumption latent variable, it predicted a single unhealthy food negatively (i.e., drinking 
regular soda). These results are consistent with the previous finding suggesting that mothers who have 
more education are likely to have healthier dietary habits (i.e., greater consumption of fruit and 
vegetables, and lower soft drink consumption) and their children have higher odds of consuming 
vegetable and fruit than children of mothers with fewer education (Vereecken et al., 2004). This serves in 
contrast to efforts that would prohibit children from drinking regular soda only. Findings revealed that 
family income and maternal education influenced food consumption and obesity risk in different ways. 
Previous studies comparing three core indicators of SES for their strength in predicting health behaviors 
indicated that education level is the most reliable and consistent predictor (Hupkens, Knibbe, & Drop, 
2000; Popkin, Zizza, & Siega-Riz, 2003; Vereecken et al., 2004). Family income has been considered a 
critical factor for determining the types of foods eaten, although the current study did not find it to affect 
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children’s healthy eating behaviors. It is likely that more educated mothers know more about the 
importance of healthy foods for development and may have higher nutrition literacy. Such parents 
encourage children to eat healthy foods, regardless of income.  
In addition, negative parenting practices warranted attention because it was the only factor that 
had a direct effect on self-regulation, BMI-z at age 8-9 and 15, and obesity risk (latent factor) at age 15 - 
as well as an indirect influence on adolescent obesity through self-regulation and BMI at age 8-9. This 
finding is consistent with earlier studies revealing that intrusiveness and negative regard toward children 
confer risk for dysregulation (e.g., effortful attention, committed compliance) (Volling, McElwain, 
Notaro, & Herrera, 2002) and obesity (Anderson et al., 2012). Although negative parenting showed 
different directionality in predicting BMI and obesity risk combining BMI and skinfold measure, this 
study revealed that negative parenting practices have a relatively stable and enduring impact on the 
development of weight status, compared to other factors (i.e., income-to-needs ratio, negative 
emotionality, early BMI) that revealed influences only on weight status in adolescence. 
With regard to child’s negative temperament, few studies found a short-term longitudinal relation 
among children’s temperamental negativity, weight, and adiposity measures. For instance, a cross-
sectional study of child temperament and a specific aspect of diet (i.e., sweet food, drink, night feeding) 
found that 18-months-old infants, who were rated by their mothers as prone to distress (on one or both 
internalizing and externalizing dimensions), were more likely to be given a sweet drink by their parents 
(Vollrath, Tonstad, Rothbart, & Hampson, 2011). This current study, instead, found longitudinal 
associations of negative temperament at 6 months with drinking regular soda and obesity risk in 
adolescence; children, who showed greater temperamental negativity with low soothability and 
adaptability at 6 months were more likely to drink regular soda at age 13 and to be exposed to a greater 
risk for overweight or obesity at age 15. Research suggests that young children with high negativity are 
more likely to be fed by their parents in an attempt to soothe excessive distress. This cycle can be 
strengthened once the parent experiences the fact that their infants, with high negatively, are easily 
soothed by sweet foods. Consequently, the more the parent gives sweet foods, the more the child will seek 
sweet foods. This study may show that this early pattern leads children to eat in response to emotions, 
rather than feelings of hunger and satiety in pre-adolescence and influence weight status or fat distribution 
in middle adolescence. Even though this study did not reveal the mechanism by which negative 
emotionality influences obesity, it would be the first empirical evidence to note the enduring influence of 
early negative emotionality on adolescent obesity risk. Additionally, future studies that examine the 
interaction between early attachment and temperament on subsequent obesity risk are needed, especially 
because both temperament and attachment have been shown to affect reactivity and regulation in emotion 
and behavioral domains (Vaughn & Bost, 2016). 
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A significant gender difference in unhealthy food consumption was also found. Boys were more 
likely than girls to eat unhealthy foods overall. Compared to boys, girls tended to eat more cookies and 
doughnuts. With regard to gender differences in food choice and preference, previous studies have 
indicated that boys are more likely to eat fatty and surgery foods than girls at all ages from elementary to 
high school (Cooke & Wardle, 2005), and women tend to report a higher level of avoiding high caloric 
foods intake and a greater level of fruit and fiber consumption (Wardle et al., 2004). In addition to the 
different food preferences, the differences in unhealthy food intake especially between teen boys and girls 
aged 13 years can be explained by the facts that puberty, which triggers growth spurt, requires additional 
calorie intake per day, with greater increase in calories for boys because of their muscle mass and larger 
body frame than girls (Caprio et al., 1994; Soliman et al., 2014). Moreover, the research evidence 
showing that girls are involved more in weight control behaviors and put greater emphasis on maintaining 
healthy eating habits (Wardle et al., 2004) may be why girls tended to eat less unhealthy foods.  
Regarding differences in fat distribution by gender, girls had thicker skinfolds in upper arms and 
upper backs, compared to boys, which is consistent with earlier findings that girls have a greater total 
body fat than boys for an equivalent BMI (Daniels, Khoury, & Morrison, 1997). Although age- and 
gender-adjusted BMI has been used in analyses, the absolute measures of skinfold thickness were utilized. 
This limitation has been resolved at some points by adding a gender as a statistical control, which played 
an important role in explaining the variance of skinfold measure. The amount of explained variance by 
gender was the greatest for skinfold measure than any other variables in the models.   
Limitations and Future Directions 
Although this analysis provided important prospective findings, it also has limitations. A majority 
of the sample considered white participants. Literature has indicated that the relation between body fat 
percentage and BMI differs by race/ethnicity. For instance, white females have been found to have higher 
body fat percentages than African-American females for a given BMI value (Ellis, Abrams, & Wong, 
1999). For the same level of body fat, age, and gender, African-Americans had 1.3 kg/m2 higher and 
Chinese individuals had 1.9kg/m2 lower BMI compared to white individuals (Deurenberg, Yap, & Van 
Staveren, 1998). As such, the present study included skinfold measures as an additional indicator of 
obesity in addition to BMI. Moreover, post-hoc analysis was conducted with white and non-white groups 
to examine whether proposed direct and indirect effects differ between the two groups. The results 
elucidated that early BMI is a significant predictor of adolescents’ BMI status for individuals who are 
white, but not for individuals who are not white. This may indicate that ethnicity influences the 
development of body mass and fat distribution across adolescence. Nevertheless, limitations still remain 
in that skinfold measure was not obtained in early and middle childhood. Moreover, differences in 
relations among study variables cannot be analyzed within non-white ethnic groups, due to the small 
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sample size of each group. Childhood obesity has been considered an epidemic in many countries (Wang 
& Beydoun, 2007), and has become a global public health crisis (Ogden et al., 2012). Future research 
needs to employ valid growth and adiposity measurements, recognizing variability of physical 
development according to ethnicity and examine whether the developmental paths to obesity across 
adolescence differ for different ethnic groups. As such, studies may better inform the development of 
tailored intervention and prevention programs to combat increasing prevalence of obesity. 
The theory-driven models tested in this study documented that multiple factors, relating to child, 
parent, and family, served as significant risks of and protective factors against obesity risk in adolescence. 
The current study found significant mechanisms across early childhood and adolescence. Some 
hypothesized mediation paths, however, were not supported. An example is any relation between parental 
stress and adolescents’ obesity risk, as mediated by self-regulation, and healthy/unhealthy food 
consumption. In addition, this study did not find significant early predictors of healthy food consumption, 
except maternal education level explaining only 5% of variance in healthy food consumption. This 
finding is relatively low compared to unhealthy food consumption in which 18% of the variance was 
explained. Future research should document early predictors underlying multiple assessments of dietary 
intake and obesity risk in adolescence, and identify other possible mediational paths linking the relations 
between parental stress and adolescent obesity risk, including metabolic factors (Pervanidou & Chrousos, 
2012; Tamayo, Herder, & Rathmann, 2010). This effort will benefit the creation of effective prevention 
and intervention programs that target modifiable behaviors that reduce obesity risk. 
The questionnaire used to collect information pertaining to the healthy and unhealthy food 
consumption of pre-adolescents may not have captured typical dietary intake. This may be a reason why 
healthy and unhealthy food consumption failed to predict weight status and adiposity 3-4 years later. 
Some limitations within current eating behavior literature have been discussed in previous chapters. 
Notably, most research is biased toward adolescent samples and focused primarily on clinical aspects of 
eating behaviors (i.e., disordered eating and eating disorder), not daily food consumption. Creating 
healthy food environments, and promoting healthy dietary choices from early life stages, would be a more 
effective strategy to help children to maintain healthy weight, compared to fighting the emergence of 
disordered eating or eating disorders later in development. This study does not provide much information 
on particular factors that influence healthy food consumption. However, it identified factors that lead to 
increases of unhealthy food consumption. Given significant evidence found in the current study that 
secure attachment relationship decreases eating unhealthy food, weight gain, and body fat through child 
self-regulation skills, pediatric scholars need to further consider the dynamic interactions among these 
factors, thereby providing more detailed information about promoting healthy food consumption. 
89 
 
Although this study accounted for several interpersonal and family-related factors to examine 
developmental mechanisms underlying adolescent obesity, there are other significant early predictors of 
eating behaviors and weight problems that were not included in this analysis such as genetics (Locke et 
al., 2015), parent feeding practices (Blissett, Haycraft, & Farrow, 2010), and family mealtimes (Fiese, 
Hammons, & Grigsby-Toussaint, 2012; Hammons & Fiese, 2011; Verhage, Gillebaart, van der Veek, & 
Vereijken, 2018). Considering obesity risk factors are multifaceted and multi-level, including these 
factors in future research will be important to obtain a more complete picture of salient early predictors of 
subsequent obesity risk. 
This analysis also did not include fathers. Research findings have indicated that mothers’ and 
fathers’ parenting may have unique influences on children’s risks for being overweight (Wake, 
Nicholson, Hardy, & Smith, 2007). For instance, a family-based obesity treatment program examined 
whether the sex of participating parent/child pairs is a contributing factor to weight maintenance or loss 
(Temple, Wrotniak, Paluch, Roemmich, & Epstein, 2006). Findings indicated that opposite sex parent-
child dyads (father-daughter or mother-son) showed greater weight loss. However, the current study 
focused on child early attachment toward mothers and maternal stressors only. Investigating the different 
roles of mothers and fathers in the development of child eating and obesity will be necessary for a more 
complete understanding of how parenting impacts obesity-related outcomes. Relatedly, analysis of parent-
child pairs would generate useful information at the level of the dyad regarding specific interactions in 
food and non-food contexts that may inform more mechanistic models of early parenting and weight 
trajectories.  
Despite these limitations, the findings of the present study have implications for research and 
practice. Reports have indicated that a wide variety of intervention and prevention programs aiming to 
prevent the development of pediatric obesity have resulted in limited success (Karnik & Kanekar, 2012). 
Especially, previous intervention and prevention efforts focusing on changing activity level and dietary 
patterns have been found to be ineffective in preventing childhood obesity risk (Guerra et al., 2013; 
Kanekar & Sharma, 2009). The impact of early attachment on unhealthy food consumption and obesity 
risk in adolescence via self-regulation documented in this study has implications for developing effective 
obesity intervention and prevention practices. In terms of the timing, intervention and prevention efforts 
for combatting obesity risk should be implemented early in life and should include responsive parenting 
and stress regulation components (Anderson & Keim, 2016; Graziano et al., 2010). Indeed, improving 
parent-child relationship quality and self-regulation skills should be targets of obesity prevention practices 
in addition to increasing healthy eating behaviors or physical activities. These data suggest that influences 
on emerging obesity risks are not limited to the child’s unhealthy eating behaviors or greater energy 
intake expenditure. In addition, obesity prevention needs to seek the ways to improve child’s general self-
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regulation skill. For instance, improving parent-child relationship would be one of the approaches. On the 
other hand, one study indicated that aerobic physical activity has a positive impact on increasing self-
regulation strategy (i.e., planning) for children who are overweight and who have more sedentary 
behavior compared to a control group. Overweight status might not be a sole result of their activity level, 
but because of their low levels of self-regulation skills in terms of executive functioning. Thus, 
practitioners might focus on fostering self-regulation skills in addition to energy expenditure and intake to 
prevent weight related problems.  
Conclusion 
To our knowledge, this is the first study examining the potential mediating effect of young 
children’s self-regulation skills in the relation between early attachment, food consumption and 
adolescent obesity. The present study highlighted the enduring influence of young children’s self-
regulation skills on unhealthy food consumption and obesity during early and middle adolescence. Also, it 
provided empirical evidence of significant relations based on the history of parent-child attachment 
relationship in early childhood. The data document the important role of early attachment relationships in 
subsequent obesity risk due to their influence of the development of regulatory processes, and this 
influence was found to be significant while controlling other early risk factors (e.g., parental stress and 
negative parenting practice).  
Debate remains among the attachment literature, specifically with regard to the breadth of 
influence of early attachment on later developmental functioning. Some scholars, who support  “narrow 
views,” limit the effect of attachment to close interpersonal relationships or socioemotional outcomes 
(Belsky & Cassidy, 1994b; Drake et al., 2014). However, the present study revealed influences that 
extend to food intake and weight status through self-regulation, and provided further evidence to support 
a domain-general perspective on the consequences of attachment (Belsky & Cassidy, 1994a) as it relates 
to health. Considerations of children’s early experiences with primary caregivers may be helpful to 
clinicians and health professionals aiming to prevent pediatric obesity and the development of unhealthy 
eating habits.  
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